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CHAPTER 4 METEORO-HYDROLOGICAL SURVEY

4.1 Discharge at the Scheme Sites
(1)  Application of Discharge Data

As a result of study of discharge data, gauging station records to be applied to the
micro-hydropower generation plan are as follows.

1) Adardour and inzaine Schemes

Gauging stations are located at Iquir N’kouris and Imim ¢l Hammam al the
upstream of N'fis river; however, analysis of the rainfall isohyetal map indicates
precipilation considerably less than that occurring in the Project area. Accordingly,
it was determined to apply discharge data from Tahanaout gauging station, the next
closest station to the area.

2)  Alla Oumyri and 1d Ssior Schemes

These schemes make use of spring discharge, and according to local residents this
shows no major fluctuation throughout the year. As this discharge is currently used
for irrigation, discharge observations were carried oul al the irrigation canal.
Results of observation indicate discharge in the dry scason of approxtmately 0.1 m?
in both cases.

- Alla Oumzri: September 9, 1996 0.096 m’/s
- Id Ssior: September 10,196 0.100 m'/s

3} Tidsi Scheme

The Taferiat gauging station is located downstream of the scheme area; however,
records thereat show a large difference with annual rainfall in the actual scheme
area. PFurthermore, catchment area ratio for the station is small, and records are
considered to be lacking in reliability. Accordingly, discharge data from the
Aghbalou gauging station was applicd to this scheme.

4) Arg and Anfli Schemes

Discharge records from stations downstream of these scheme areas, i.e. Tahanaout
and Aghbalou, respectively, were applied to the said schemes.

5)  Discharge observations at the newly established gauging stations under the
Study are discussed in Section 4.3; however, these data were not applied to
the subjcct scheme plaoning in light of the fact that water level and discharge
observations were carried out enly over a very limited 9 month period.
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(2) Discharge at the Scheme Sites

Discharge data from the Tahanaout and Aghbalou gauging stations only was applied
to the generation planning under this Study.

On the basis of annual rainfall, catchment area size, specific discharge and runoff
coeflicient, discharge data from Tahanaout sialion was applied to schemes such as
Adardour, Inzaine and Arg where specific discharge is relatively less and catchment
runoff coefficient large, Conversely, discharge data from Aghbalon station was
applied to schemes such as Anfli and Tidsi where specific discharge is relatively
greater and catchment runofY coefficient small.

As indicated below, discharges for Adardour, Inzaine and Arg were computed based

on the dlsch'irge observations at Tahanout applying a conversion factor takmg into
consrderatlon catchment area size and annual rainfall amounts. Discharges for Anfli
and Tidsi were computed in the same manner based on data at Aghbalou. Results of
the foregoing are indicated in Table 4.1-2.

Conversion Factors for the § Micra-hydropower Sifes

Site Tahanaout Adardour Inzaine Arg Aghbalou  Anfli  Tidsi
Area (kni®) Al Al=226 23 9 48 Al1-=503 134 24
Rainfall {mm) Ri RI=450 . 600 600 650 R1=550 700 700 g_%
Conveision factor 0.14 047 031 034  0.06 had

{note: znnual rainfall based on isohyetal map; conversion factor (AVA1) » (RiI/R1))

Diagram representation of the daily discharges for the scheme sites based on the
above is given in Figure 4.1.1~4.1-5.
Discharge characteristics at the scheme sites are indicated in Figure 4.1-6~4.1-10, and

discharge values arc shown in Table 4.1-3.

Table 4.1-1 Ganging Stations Applied to the Schemes

Tributary i Scheme Existing gauging station | New gauging station| Station applied
CA (km?) CA {km?) CA (km?) .
Amizmiz | Adardour 23 Iquir N'kouris 848 Infag 79 Tahznaout =
Amizmiz | Inzaine 79 lduir Nkeuris §48 fnfag 79 Tahanaout
Rhenaya | Arg 48 Tahanaout 226 Agr 48 Tahanaout
N'fis Alla Qumazri 8 Iguir N'kouris 848 -- Spriﬁg 7
N'fis Id Ssior 7 Iguir N'kouris 8438 -- e Spring
Ourika Anfli - 134 - | Aghbalou 503 .- - Aghbalou
Zat Tidsi 24 Taferiat 515 Tidsi 24 Aghbaloy
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4.2 Installation of Gauging Stations
(1)  Selection of Gauging Stations

The candidate villages selected by Haouz Province for electrification by micro-
hydropower are located within the catchment areas of the 4 major tributaries of the
Tensill river, i.e. the N'fis, Rhetaya, Ourika and Zat rivers. The subject micro-
hydropower scheme sites are located in the basins of branch tributaries of these 4
rivers, i.¢. the Imenane, Anougal, Eldouz, Ansa, Afoughal, Tighdouvine and Yagour
rivers. Of these, the majority of scheme sites are concenirated in the Imenane, Qurika

and Anougal basins.

In determining the necessary discharge at each river to support the envisioned micro-
hydropower generation plan, it would be ideal 1o have access to long-term discharge
observation data from a point near the sites. However, such observation data for the
most part is lacking. Forlunately, there are 5 existing gauging stations at the mid
reaches of the 4 major tributaries in question for which long-term records are
available. On the other hand, nevertheless, the micro-hydropower candidate sites
under the Study are located for the most part along mountain torrents at points with
small catchment areas and river gradient of 1/15~1/40. Existing observational data on
discharge for these sites is unavailable. Although discharge can be estimated on the
basis of rainfall runofT analysis, precipitation data as well is lacking. Accordingly, the
following 3 sites were selected on the basis of good existing access roads as locations
for new gauging station installation.

Site Features for New Gauging Station Installation

Gauging station infag Atg Tidsi
River Anougal Imenane Afoughal
~ Catchment area (km?) 79 48 24
Latitude {°-"-"N) 31-04-31 31-11-17 31-20-33
Longitude (°--"W) 8-16-50 7-55-19 7-26-29
- Elevation (m) . 1,250 1,480 1,750

(2) Installation of Gauging Stations

Three gauging station sites were selected on the basis of field reconnaissance, and
observational equipment installed thereat. The purpose of the installed equipment is
to render observations on discharge and water level in the vicinity of the micro-
hydropower scheme sites. One set of water level marker was installed at each gauging
station site; however, under this Study these were not of the automatic recording type.
Installation works were contracted locally to Maghreb Projets A.C.,, and the subject
works were completed for all sites on July 7, 1996. Figure 4.2-1 gives the river cross-
section at each of the new gauging stalion sites.
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4.3 Discharge and Water Level Observations
(1)  Discharge Observations

The period of discharge obscrvation comptised 1 year from July 1996 to June 1997.
During the actual Study period, observations were carried out at a rate of around 1
time per month for a total of 10 times. Due to impeded access during the winter
season, observalions were not cartied out in December 1996 and Januvary 1997, The
purpose of discharge observation was to evolve water level ~ discharge curves for the
schemes and correlate discharge on the basis of water level measurement. Discharge
measurements works as well were sub-contracted out to the local firm Maghreb
Projets A.C. Observation results are mdicated in Figure 4.3-1. :

The first half of observation works were carried out in the low water (dry) season, and
indicate only the low level range of potentially available discharge. The latter half of
observation works were done during the rainy season and the time of snow melt
enabling overall a rough identification of the water level ~ discharge relationship over
a somewhat wider range throughout the year. In the case of all gauging stations,
discharge exhibited decrease during July~October, increase during November~Aprit,
and again decrease from May. Also, water leve! ~ discharge curve (H~Q) showed
differing tendencics during the low water and high water seasons. :

{2) Water Level Observations

Daily water level observations were commenced immediately afler completion of
gauging station installation (August 1996), and were carried out twice daily (07:00
and 17:00) for a one year period in the course of the Study. The purpose of the water
level observations was to derive daily discharge from daily water level applying the
waler level ~ discharge curve. Continuous water level observations for a one year
period enable the calculation of the daily discharge for the same one year period.

Daily water level observations were sub-contracted out by CDER to local villagers.
Results of this observational data are expressed in diagram form in Figure 4.3-2~4.3-4
for daily average water level. In the case of the gauging stations at Infag and Arg, two
peaks are seen, the first peak assumed to be immediate runoft as a result of rainfall
during the rainy season, and the second peak being runoff form snow melt. In the
case of Tidsi, this tendency was not significantly present.

(3) Water Lever ~ Discharge Curve

Results of discharge observation showed some spread in values; and this regard some
minor correction in values was applied to results during the high water season to yield
the water level ~ discharge curve indicated in Figure 4.3-5. Here, the H~Q curve is
designated as secondary, with intercept of 0. The subsequent discharge ~ water level
range of the curve established applying the size of observed discharge and limited
number of observations (10 times) is narrow. This covers the important low water
range under micro-hydropower generation planning; however, that for the high water
range during times of flooding must be determined on the basis of extrapolation.
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(4)  Annual Discharge at New Gauging Stations

In the case of each gauging station, daily water level observation data calculated from
the water level ~ discharge curve at each station in indicated in terms of the daily
discharges set out in Figure 4.3-6~4.3-8. Although observation results for June and
July have not as yet been recovered, factoring in of this data can be expected to result
in a change in the configuration of the discharge curve and the values for design
discharges Q~Qys  Since this not as yet collected data corresponds to the latter half
of the dry season, values for Q,;5 and after would become smaller. As indicated in the
tables below, data as of May indicates a trend in larger design discharge at the new
gauging stations than that estimated under the Prefeasibility Study for Adardour, Arg
and Tidsi.

Amizmiz (m¥/s)
river
Site Generating Qs Qy:s Q,
discharge
Pre F/S Adardour Q,,; =011 0.156 0.100 0.044
New gauging Infag 0.664 0.306 0209
station
Site Adardour 0.193 0.039 0.06!
conversion
Reraya river - (m%s)
Site Generaling Quss Qns Qi
discharge
Pre F/S Arg Q= 0.18 0.346 0.222 0.097
New gauging Arg 2.045 1.478 0.835
station :
Zatriver {m?/s}
Site Generating Quss Qus Qi
. discharge
Pre E/S Tidsi - Ques=0.13 0.165 . 0.083 0.014
New gauging Tidsi ' 0.350 0.261 0.141
station _

As can be seen from the above, discharge estimated on the basis of existing data and
that based on actual observations shows a considerable difference. As of this point in
time it is difficult to judge which is the more accurate; however, to be on the safe side
the data from existing gauging stations has been applied to planning under the Study.

1-4-5



4.4  Design Peak Flood Discharge and Flood Water Level

In order to protect intake and power gencrating facilities from food damage, peak
ffood discharge and flood water level were estimated for intake and power house sites.

(1) Design Daily Rainfall

In order to estimate peak flood discharge, design daily rainfall was calculated on the
basis of observation records available at the existing gauging stations to the
downstream of the site catchment areas. Due to Jacking observallon data, the period
used to determine design daily raintall differs for each basin.

Figurc 4.4-1 indicates daily rainfall with a return pcriod of 1/2~1/100 years. In the
case of retum periods of 1/10 and 1/50, desipn daily rainfall fluctuates from
49.96~69.08 mm to 68.34~91.24 mm, respectively.

(2) Design Peak Flood Discharge

The peak flood discharge was estimated by rational formula. The said rational
formula is relatively commonly applied in the case of small calchments in
mountainous area. This approach represents a comparatively simple method of
converiing rainfall into runoff on the basis of estimation of flood concentration time
and rainfall intensity during the flood concentration time period.

The Bayern and Kraven formmula was applied to estimation of flood concentration
time, with average rainfall inlensity during the flood concentration time period being
determined according to the Monobe formula. Runoff ceefficient is 0.9, applicable to
the hill and valley terrain of the subject catchiments.

Table 4.4-1 indicates peak flood discharge in the case of return periods of 1/10, 1/50
and 1/100 for the intake and power house sites for the Adardour, Arg and Tidsi
schemes. In the case of each return period, values show a tendency to be higher than
the estimated peak values on the basis of momentary discharges observed at the
existing gauging stations at the downstream of the same catchiment,

{3)  Design Peak Flood Water Level

Flood water depth for each design peak discharge for the return periods estimated in
(2) above was calculated on the basis of the water level ~ discharge curve. In the case
of Adardour and Arg, the river cross-section at the planned intake site is less than that
at the power house site. As a result, water depth increase is greater at the power house
site during times of flooding. In the case of Tidsi, a reverse situation is seen. Under
the Adardour and Arg schemies, the differential between the intake site and power
house site in water depth during flooding is small, with that for the former being
(1.18~0.23 m, and that for the latter being 0.05-0.08 m. In the case of Tidsi, the
ditference is somewhat larger at 0.29-0.38. . IR
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Calcutated flood water tevels and flood concentration times were cross-checked
through interview with village leaders and examination of flood traces in-situ,

Table 4.4-2 indicates flood discharge, water depih and water level at intake and power
house sites for cach return period.

4.5 River Water for Irrigation and Power Generation

In most of the villages, cropping pattern is similar (see Figure 2.1-3, Interim Report):
Ceteal crops (wheat & barley) are cultivated in November/December and harvested in
May/lune. Maize is grown in May - September. Most of the vegetables and nuts in
May - August/September. Green vegetables in March - September. Potatoes in
February - July. Most of the field lic fallow in Scptember and October. The acreage
under wheat/barley cullivation is large, about 77% of total cropped arca. Tree crops
and vegetables take up 16% and 7 % respectively. T he tilth becomes small after

September.

Irrigation is not required for wheat/barley and free crops. A two-week irrigation
rotation is commonly practiced for maize, potato and onion. Given a watcr supply of
0.1m%s and a 7-day rotation under an evapotranspiration regime of §mmy/day, the
irrigable area is about 15ha per day, which is greater than the area under irrigation in
May to September in most of the villages.

The active beneficiarics have rccognized the imporiance to rotate water between
irrigation and power generation. In cases when water for irrigation becomes scarce,
with proper management and pre-determined rules to tide over the scarcity, water will
ntot be used for power generation, except for a few hours in the twilight/evening zone
or the pre-determined day of the week for power generation.

Apprehension on the impact on irrigation is unwarranted since in most cases discharge
in river falls below 0.lm¥s only very late in the dry season, in September to
November, during which irrigation is not needed and arca under irrigation in very
limited.

1-4-7



Table d.1-2 Monthly and Annual Mean Value — Microhydro Stafions ,
unit-e3/s
Adardour Catchyont=23%a? Frea Tahanacut / facior = 014
Year [ 1893 1 188t | 14%; 1986 | 1088 | io89 | 19% | 169l 1592 155 Mean
Sept 0. 02 (LR .42 0. 62 0. 66 0.11 015 0.03 0.0 0.0} 0. 05
Ot 0.0§ o ol Q. 10 0. 62 019 0. 80 0. 03 .03 0. 03 6.¢1 0.14
Noy 0. 06 a3 0. (8 0.17 0. 67 0.32 0.6 0.02 0.04 0,17 018
e 0. 06 (L} 0.9 0.07 0.29 0. 4] 0.67 0.62 0.03 0.13 0. 18
Jan 0. 06 0.3 016 o 10 ¢ 18 0 48 0.05 0.03 0.66 0. 13 0.15
Feb 0. 01 3.21 0.0 0.73 0.18 0.38 013 0. 0. 06 0.23 0.21
LEY] (i 13 g 16 0.26 0.31 0.79 0. 81 0 14 0. 18 0. &5 0.33
Apt 013 Q.52 [ £ 0. 0.82 0.36 0.93 1. 8% 0.30 0.952 9.63
¥y [ E 1. 01 0.3 .32 0. 88 0. 65 048 2.13 0.3? 0.76 0.73
Jun 010 0.3 0. i1 11 0. 67 (.34 0. 26 102 0.24 0. 16 0.34
Jul 0.0 Q.06 908 0.05 Qq.29 10 o 0.t 0.4 0.03 0. 10
fug D01 0.0 0.01 0. 02 0. 13 003 .05 0. 11 0.03 0. 05 0.05
Anpual | .09 0.23 [ 0 [ 048 ) 039 Q. 10 0.2 0. 52 013 0.29 0. 26
Inzaine : Catelment=79hm? from Takanaout / factor = 0. 47
Ycar 1883 1951 1985 1986 1438 1959 1290 19951 1992 1993 Mean
Sept Q.07 06.¢3 .05 0.05 0.19 0.26 .51 047 013 0.05 a1
Cet .13 0. G2 .33 .17 0. 65 2.69 0. 18 0.26 0.10 0.03 3. 46
Yoy ¢ 19 LA T+ 0.75 042 2.23 1. 08 o 17 0.07 D12 0. 57 0. 52
Dec 0. 20 o 0.30 024 6. 97 1.38 0.23 20 b 15 042 0.61
Jen 0.20 [ { 0.32 .33 0. 67 1. 62 0.18 0.1 021 0. 43 351
Feb o 14 0.7 0.35 2.43 0. 60 1.28 0.13 0.1 021 0.85 0.63
Har ¢ 24 0.52 0.55 0.88 i. 13 2. 65 2.83 0. 18 D 62 2.8 128
Apt Q. 42 .M 0. 49 1.13 2.75 1.22 333 6. 15 1.01 KNT] 2.13
May 1. 13 319 1. 0% 1.1 2.96 2.19 1.61 7.13 1.09 2.56 2.47
Jun 0.33 1. I8 0. 46 03 2.2 1. 13 0. 86 34 0. 82 0.54 113
Jal 0.12 020 0.1% 0.16 0.97 0. 0. 43 0. 46 047 0. 10 0.
Aag 0.04 0. 09 0. 063 0. 06 0. 43 013 0. 21 0. 36 0. 10 0. 18 0 17
Annua] | 0.30 0.78 0. 36 0.50 1. 31 1.33 0. 91 1. 74 0.42 Q.91 0. 87
Arg Catehsen1=45kn? froa Tahanaout / factor = 0.31
Year 1953 1983 1983 1956 1988 1989 1950 1991 1992 1933 Nean
Sept 0.5 0.05 oM 0.03 o1 0. 24 0.33 0.11 0.02 06.03 0.}t
Oct 0. 10 a0 Q.22 o 0.43 1.77 0. 12 0. 17 0. 07 0,02 0.30
Row 013 0. 06 o 17 0.8 1. 49 0.7 Q.11 0.05 0.038 0.37 0.34
Bec 0.13 0.09 0.20 0. 16 0. 64 091 015 1.37 G 0 6.28 0. 40
Jan 0.13 0.12 0.21 0. 722 0. 41 1.07 o 12 0. 07 [T 0.28 0.3%
Feb 6. 0% 016 0.23 j.62 0. 40 0. 84 0.28 0. 0% 0. 14 6. 56 Q.46
¥ar 6. 6 0.34 0.36 0.58 0.7 1.76 1,87 0.32 041 1. 87 0.84
Lpr 0. 28 1.15 0. 32 074 1.82 0.8 219 4. 06 0.67 2.03 1.4l
May (.98 2.3 0. 69 0.73 1.95 I 44 1. 0G 4.71 012 1. 69 i.63
Jun 0.22 0.78 0. 30 .23 1.48 0.75 057 223 0.54 0.35 .75
Jul G.63 011 .10 Bkl 0. 61 Q.22 .28 0.31 0.31 0. 07 0.23
Lug 0.03 0. 06 9. 03 0.0 0.28 .10 .14 024 0. 07 0.12 011
Asnual | 0. 29 0.51 Q.21 0. 49 0. 87 0 83 0. 60 .15 Q.28 064 0.58
Anfli (atchment=i31knZ Trom Aghbaloa / factor = 0.314
Year i581 1632 19583 1581 1958 1930 1991 194972 1993 1994 ¥zan
Sepl 0.03 0,13 0. 02 0.05 0.25 3.30 0.72 0. 28 0. 06 0.12 0.50
Oct 0.28 0.14 0.76 6.04 0.75 013 0.91 0.37 0. 41 0.8 ¢ 42
Nov 0. 15 047 0. 86 0.3 2.16 0.23 0.37 Q.31 1.91 0.36 0.78
Dec 0.25 018 0.26 0. 60 0. 0.82 12.76 0. 46 1.61 0.23 1.81
Jan 0. 41 014 o 17 1.99 0. 86 0.23 | Y P4 0.53 1.91 .13 0.51
feb 0. 72 0.24 0.13 2.01 1.09 306 1. 45 0. 62 3.9 Q.52 1.46
Yar Li2 0.3 018 1,13 1.67 25.63 10. 10 3.4% .12 1.18 5.68
Apr 196 040 0.91 2.9¢ 2.56 20. 62 H. 10 3.36 8. 67 541 1.30
Mar 5.0 .57 1.8 4.73 1.9 £33 2107 1.32 5 81 2.85 4.95
Jon i. 60 0.03 0.79 113 1.08 Q.59 416 .27 1.27 Q. 56 1.03
Jul 0.2 0.03 001 0.40 1.18 0.55 0.75 [ es] 0.30 0. 30 0.75
Aug 0. 19 001 0. 01 0.1 .13 Q.85 1. 76 007 0.20 2.18 0.57
| _Anneal 1. 47 0 20 0. 13 1.30 1.58 5.19 6. 68 .93 3 09 1.18 2. 17
Tidsi Catchmont=24ka? Froa Aghbalou / factor = 0. 06
Year | 1981 1557 1933 1981 | 1088 1550 151 1992 | 1993 1991 | Average
Sept 0.0} 0.02 Q.00 0.01 0.04 0.58 0.13 0.03 0.01 0.02 0.09
Oct 0.03 0.02 0.05 0. 01 0.13 0. 13 0. 16 0.07 0.07 0.05 0.07
Noy 0. 08 0. 03 015 0. 06 0. 49 0.1 0.06 0.03 03 0.06 0.14
Dec 0.04 0.03 0.05 0.1 0. 16 Q.13 2.25 Q.08 0.28 0.01 032
Jzn 0.07 .02 0.03 0.35 0. 15 Q.M 0.39 0.03 .M 0.G2 014
Feb 013 001 0.02 0.37 0. 18 .72 0.2% 0. 11 0. 63 0.09 026
Mar 0.20 Q.05 0.07 0.3 0.29 4.52 .78 0. 62 1.96 021 1.00
ipr 0.70 0.07 0.1 0.51 ¢ 15 3.65 4.25 0.59 1.53 0.65 1.729
¥ay 0.91 .10 0.32 0.75 .31 0.8 3.72 0.23 1.03 0.50 0. 87
Jun 0.18 Q.02 Q.03 0.20 0. 19 012 0.73 G.03 0.22 0. 10 D19
Jul Q.03 000 0.0t 0.07 Q. 51 0.0 013 0.02 0. 03 0.05 013
Aug Q.03 0.2 0. 00 0.02 0.0 0. 15 0. 33 0.01 (R ] Q.38 Q.10
Ancezl § 0.21 ¢ 0. 03 0.23 0.28 0.52 1.18 0. 16 0.55 0. 2] 0. 38
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Table 4.1-3  Design Discharge — Mycrohydro Stations
Unit=p3/s
Adardour Catchment=23kn2 From Tahanaout / factor = Q.13
Year 1983 1681 1933 19856 1988 1933 1990 1991 1892 1933 | ¥ean
&1 1. 582 1. 818 1229 8. 328 2. 181 7.952 1. 890 5. 544 0. 435 1.470 | 0.987
835 0.21 0. 805 0.221 0. 425 0. 885 0.700 Q. 793 2. 044 0.309 1.093 | 0.651
Q95 0.019 0.233 0.134 0.237 0. 855 0. 469 0.321 0. 304 Q, 206 0. 351 Q. 397
f183 0.031] 0.6911 0.084] 0.052] 0.2533| 0.339| G.0v4] 0081 0.080] 0.104] 0.155
Q275 0.022] 0.0257 008 | GO44| 0.158F 0.138] 0.052( 0. 037 0.038| 0.621] 0.100
Q329 0.011] 0008 0.013| 0. 010] 0068 0. 054] 0.042] 0.017] 0.031] 001§ 0.011
Q333 0. 006 0. 003 0. 003 0. 007 0. 038 0. 039 0. 024 0.011 0.027 0.0091 0.031
363 0.604 ] 9,003 0. 602 0. ()6 0,018 0.029 | 0.018 Q008 | 0.022 Q.07 0.027
Inzaine Catehment=79%m? From Tahanaout / factor = 0. 470
Year 1983 1934 1983 1936 1988 1959 1990 1591 1992 1993 | Mean
N 5. 311 6. 139 1. 127 | 28.039 71.332 ] 26.6% 6.345 | 15.6812 1.528 4.935 3.315
Q3> 0. 808 2,103 Q. 743 1. 429 2. 970 2. 350 2.670 6. 862 1.039 3.671 2. 195
Qa5 0. 285 0. 865 0. 451 0.7 2. 200 1.575 1.07% 1. 020 0. 631 I. 288 1. 331
0135 0. 171 0. 304 0. 281 0. 208 0. 851 1. 137 0. 242 0, 2714 0. 202 .348 0.524
Q215 .07 0. (52 0. 138 0. 117 0, 531 0. 163 ¢.174 Q. 125 0. 127 0.072 0. 337
Q329 (¢, 038 0. 021 0. 045 0. 032 0. 227 0. 181 0. 111 0. 037 0. 101 0.033 0. 147
333 0191 0.017 ) G028 0.024} 0.123} 0.130| 0.03t{ 0.035| 0091} 0.029| 0.103
Q365 0.013 0,011 0, 608 0. 019 0. 062 0. 095 0.005 | 0,027 0. 074 0. 023 0. 089
Arg Catchment=45km2 From Tahanaout / factor = 0.310
Year 1983 1984 1983 1986 1938 1939 1990 1991 1992 1993 | Mean
Q1 3.303 4. 247 2.722 | 18.507 4.835 | 17.608 4.185 | 12.276 1. 008 3.233 2. 186
033 0. 333 1.783 0. 490 0.912 1. 939 1. 550 1. 761 4.526 | 0.683 2.421 1. 445
Qo35 0175 0.570 0.298 Q. 524 1. 451 1.039 0. 710 G. 673 0. 156 0.849 1 0.878
Q185 0.113 0. 20} 0. 18> Q. 137 Q. 561 0. 750 0. 161 0180} 0.133 0.229 | 0.346
G272 0. 019 0.034 0.021 0,097 0.350 1 0.302 G115 0. 082 0. 084 0. 047 0222
G379 0. 023 ¢. 0t4 G, 20 0. 021 0.150( O©.119 0. 093 0. 038 0.063] 0.025 0.097
0355 0.012 Q.01 0. 019 0. 016 0. 084 Q. 085 0.034 0. 023 0.0601 0.019 0.068
0365 _0.0G9 0, 007 0. 003 0,013 0. 041 0. 063 0.036 0. 018 0. 019 Q0. (16 0. (59
Anfli Catclment=134kn? From Aghbalou / factor =  0.340
Yeatr 1681 1982 1953 1084 1938 | 1650 1991 1892 1993 1594 Mean
o1 11. 184 4. 264 €. 032 8.361] 91.460 | 42. 500 | 62.560 | 15.028 | 456.920 | 15.504 2. 679
Q33 4.281 0. 388 P. 074 3.053 2‘.7 1] 20.638 | 22. 746 2. 244 8. 466 3918 6.529
295 1.023 0. 209 0.619 2.081 1. 350 4. 454 Q. 152 0. 732 4,386 | 0.92% 2. 809
Q185 - 0. 287 0. 147 C. 161 0.629 0. 891 Q. 517 1. 485 0. 313 1.724 0.350 0. 931
0275 0.219 0. 108 0. 033 0. 157 479 0.236 0.531% 0. 255 0.234 Q. 200 0. 463
Q329 0.013 0. 022 0.015 0.041 0. 261 0.162] 0.268}) Q. 067 Q. 077 0.118 0. 248
Q335 0.012 0. 010 .09 | 0.069 0.229{ 0.093] 0.091 Q. 019 0. 042 0.093 Q. 117
Q385 0. 009 0. (007 0. 001 0. 000 0. 127 0. 007 0. 046 0. (013 0081 06.09 0. 029
Tidsi Catchoent=24kn? From Aghbalou / factor = 0.060
Year 1981 1952 1583 1984 1988 [1990 1991 1992 1693 1931 ] Mean
a1 1.974 0. 876 1. 058 1476 | 16.140 7.500 ] 11.040 2.652 8. 280 2.736 1. 708
Q33 0. 755 0. 068 0. 190 0. 539 0. 489 3.642 4.014 0. 396 1. 491 0.702 1. 152
Qa3 0.181 ] 0.037] 0.109{ 0. 367} 0.238] 0.78 | 1.668| 0.138} 0.774| 0.163} 0.496
0185 0. 065 6. 020 0. 028 0111 0.157 0. 091 0. 237 0.035 0.3 Q.064 0. 165
G275 G. 039 0. 019 0. 008 . 028 0. 085 0. 042 0. 098 0. 015 0. 041 0.035 0. 083
Q329 0. 003 0. 004 0. 003 0. 007 0. 047 0.030 | 0.047 0.012 0. 014 0.021 0. 044
03a5 0.0021 0002} 0.002]| 0.002] 0.040] 0.016] G.0I6| 0.609| 0.011] 0.017] 0.02
Q365 0,002}t 0.0601) 0.001) 0.0001 0.022% 0.001) 0008]! €008 0.007] 6G.0lé6] 0.017
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Cross Sectional Profile - Hydrometric Station

Station Infag Arg Tidsi
Elevation 250.0 m 1,838.7 m 1,722.0 m
Coordinate X y X y X y

1| 0.00]1,257.30 | 0.00{1,545.00 | _ 0.60 |1, 726.00
2 1.70 |1, 254. 10 0.60]1, 515. 00 0.00|1,725.00
) 3 4.40 )1, 253. 10 0.80 |1, 543.00 2.0011,725.00
4 4. 7011, 252.30 2.20]1, 543.00 2.06011,722.00
5| T6.1011,252.00 | 2.20]1,510.30 | 3.00[1,722.00
6 G. 10 |1, 251, 30 28.70 |1, 540. 00 4.00 (1,722, 12
1 6.60 1,251, 30 28.70 |1, 538. 70 5.00 (1,722, 23
3 6.6011,250.30 29.50 1,538, 71 6.0011,722. 28
9 7.00 11, 250. 40 29.50 |1, 510.00 7.00 11,722, 30
10 9. 20 |1, 250. 01 43.20 11, 530,00 7.0011,725.00
11| 11.3041,250.70 § 11.70]1,511.00 | _9.00[1,725.00
12 26.40 11, 251. 10 18. 80 |1, 541. 20 9.00]1,726.00
13] 26.7011,251.90 50.00 |1, 512.00
14} 29.301,251.90 | 50.00 1, 545.00
15 33. 10 1, 254.60
16 33.80 11, 259.80
17 36,40 |1, 256. 80
Cross Sectional profile
Infag

3

| =

o

e}

g ] .

2

>

0 R

— 'y

£ ]

30 10
Distance from Bank (m)
Cross Sectional profile
Arg 7 o

3 1518 : L — - R

151 ﬁ e R

2 1512 | I S T R SRR SO DI

+ e -

g 1510 b ¥ s ; ﬁ ] P .

o 1538 B S S— — :

4] 20 10 €0

Distance from Bank (m)
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Distance frow Bank (um)

Figure 4.2-1

Cross Sectional Profile ~ Hydromefric Stations
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Hean Fateor level (average of AM & PM data) - {nfag

s _ unit: (m)
| Aug | Scp Oct Nov | Tec Jan I'eh Viar Apr May Jun Jul
Mean | Mean | Mean | Mcan | Mean | Mean | Mean ) Mcan | Mcan | Mean | Mean | Mean
| 0.05f 0.07]| 0.08}) 0.09] 0.27]| 0.19} 0.17] ©0.23| 0.37
2 - 0.05] 0.07] 0.08] 0.05] 0.27| 0.19] 0.17) 0.26] 0.37
3 0.0 0.07] 0.09| 0.10] 0.27] 0.19] 0.16} 0,26| 0.36
— 0.05] 0.07] 0.09| ©.11] 0.27]| 0.18] G. 16} 0.25] 0.35
5] 0.0 0.07 ] 0.09] 0,10 0.27| 0.18] 0.16 ]| 0.25] 0.35
6| 0.01] 0.0t] 0.08] 0.09] 0.08] 0.26] 0.18] 0.16] 0.25] 0.35
71 0.01] 0.01] 0.08] 0.08]| 0.09] _0.24] 0.18] 0.16} 0,27 ]| 0.35
8] 0.01] 0.05] 0.083 0.08) 6.10] 6.24] 0.18] 0. 16| 0.32] 0.34
1 0.03] 0.01] 0.089 0.08]| 0.10] 0.221 0. 18] 0.16] 0.31] 0.33
10} 0.05] 06.05}] 0.08¢ 0.08} O.11] 6.22] 0.18] 0.16] 0.311 0.3%
11] 0.05] 0.05] 0.08% 0.09] 0.12] 0.22] 0.17] 0.16 ]| 0.31) 0.29
12| 0.06] 0.05] 0.08¢ 0.08]1 6.12] 0.22] ¢.17] 0.15] 0.323 0.26
13| 0.06| 0.06] 0,081 0.12§ 0.13] 0.22] 0.17] 0.15] ©0.31¢ 0.24
1] 60.06| 0.06) 0.08] 0.12§ 0. 14} 6.21] 0.17] 0.15] 6.31f 0.21
151 0.06] 0.06fF 0.08¢ 0.11F O.11] 0.20] 0.171 0.154 0.31] 0.24
6] 0.071 6.06] 0.08] 0.12] G. 1] 0.19] 0,171 0.15] 0.31]| 0.21
171 0.06F 0.06) 0.087 G.12] 0.14] 6.19)] 0.17] 0.15} 0.31]| 0.24
18] 0.06) 0.06] 0.08] 0.12] 0.11] 0.19] 0.16} 0.15} 0.31] 0.2 L
19] 0.06) 0.061 0.09] 0.11]| 0. 44} 0.18| 0.16} 0.15] 0.32] 0.24
20] 6.06) 0.061 0.08] 0. 12] O.14] 0.19] 0.6 0.15] 0.40] 0.25
28] 0.06] 0.06] 0.07] 0. 11)] 9.11] 0.19] 0.16]| 0, 15] 0.44] 0.26
221 0.06] 0.051 0.08| O.11] 0.15] 0.19] €. 16] 0. 16] 0.41] 0.26
23] 6.06] 0.06] 0.08) .10 0.17] 0.197 0.16| 0.05] 0.40) 0.26
214 6.06)] 0.07] 0.09] 0.09] 0.20] 0.19) 0.16] 0.16] 0.38} 0.26
25} 0.06] 0.07] 0.08] 0.068] 0.21] 0.19}f 0.16] 0.16] 0.38] 0.26
26! 0.06] 0.07] 0.08| 0.09] 0.22] 0.191 0.16§ 0.16] 0.3%9]| 0.26
271 0.06] 0.07] 0.08] 0.04] 0.22] 0.19} 0.16}] 0.17] 0.39]| 0.26
281 0.06] 0.07] 6.03)] 0.09] 0.23] 0.12} 0.16}| 0.17] 0.38]| 0.26
291 0.05)] 0.06] 0.08] 0.09] 0.25] 0.19 ¢.17] 0.38] 0.26
30| 0.93]| 0.07] 0.08] 0.08] 0.25]| 0.19 0.18] 0.37] 6,25
311 0.03 0.08 0.271 0.19 0.19 0.25
Mean Gauging Water Level
Infag
1 5
c e
08 b From August 1996
gf oo s : T, .
< : . o .
~ 0.6 |- e
- : : y .
Poth S SR s ""EILPNL\;;: St
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Figure 4.3-2  Mean Gauging Water Level - Infag
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(i

Moan Water Level (average of AM & PY data) - Arg

: , unit:{m)
Aug Sep et Nov Dee Jan Feb Mar Apr May | Jun Jul |
Mean | Mean | Ycan | Mean | Mean | Mean | Mean Wean | Mean | Mean | Mean | Mean |
1 o.111 0.351 0.371 o.11 ] 0.18] 0.47] 0.3 0.58 1 0.39
2 0.37} 0.36| o0.10] ©0.43] 0.50]| 0.16} 0.30 0.56 | 0.43
3 0.1t o391 o. 10| o0.11] 0.52] 0.16] 0.28} 0.51 0.12
. 1 0.39| 0.36] 0.32] o.10} 0.52] 0.8 ] 0.28 0.56 | ©.143
5 o.10b o0.338| 0.35] 0.42] 0.53] 6.17| 0.28 06.561f @ 41
i) 0.39] o0.32] o0.37] 0.41] 0.51} 0.49]| 0.28 0.5+ 6.37
7 0.38| 0.39] o0.3s| o0.41} 0.52] 0.19] 0.28) 0.71 0,36 N
8 o111 0.36| 0.3¢1 0.46] 0.53] 0.51] 0.26] 0.77 0. 31 o
ol 0.33| o.11] 0.37] 0.36] 0.11} 0.51] 0.51 0.20] 0.71] 0.35 :
ol o331 o.44] 0.36] 0.38] 0.43] 0.51] 0.19 0.331 0.53] 0.38
il o0.33] o.45] 0.38| 0.36% 0.12] 0.51 0.46 1 0.36] 0.53] 90.41
5 121 o0.31] o0.42} 0.38} 0.38] 0,41} 0.51 0.43] 6.401 0.52] 0.1
131 0.34] 0101 0.41] 0.41} 0.1 ] 0.51] 0. 121 0.41] 0.50] 0.43 o
i1l ©.351 0.38] 0.42] 0.43] 0. 41} 0.53} 0.10 0.33| 0.18] 0. 44
151 o.36) o.29f 0.4} 0.1 | 0.43] 0.53] 0.38 0.37] 016} 0.38
161 .92 o0.31) o.44] 0.39] 0.41] 0.52] 0.37 0.36 ] 0.42] G. 13
171 0.42] 0.34] 0.11| 0.0} 0.1 ] 0.51 0.391 0.351( 0.41] 0.0
181 o.a1| o.3s| 0.37} 0.10] 0.43] 0.52] 0.39 0.31] 0.42] 0.3
el 030 0.31] 6.35] 0.38] 0.41] 0.53]| 0.37 0.32] o0.44] 0.14
201 0.12] o.40] 0.38{ 0.38] o0.16} 0.51] 0.35 0.32] 0.62] 0.-H
o1 1 o.38t o0.39] o0.31| 0.38] 0.45} 0.51] ©€.31] 0.31 0.61] 0.37
92| 0.361 0.43| 0.35| 0.38§ 0.45¢ 0.53]| 6.35 0.32] 0.71]| 0.36
93t 0.4i| 045} 0.36| 0.103 0.47) 0.533] €. 35 0,321 0.71] 0.37
213 041} o045} 6.36] 0.421 0.451 0.52] €.36 0.3 0.76] 6.39
251 0.391 0.37] 0.33] 0.10| 0.43{ 0.52] 0.36§ 0.35 0.76 | 0.38
26| 0.36] 0.38] 0.35] 0.10] 0.45| 0.53] 0.34 0.31] 0.69] ©.36
271 o.11| o0.38] 0.35] 0.37] 0.47| 0.52]| ©.33 0.35F 0.60] 0.35
2g| o 10| o0.40| 0.37] 0.39] 0.45]| 0.53] 0.31 0.331 0.48] 0.35
291 0.39| 0.40] 0.37] 0.42] 0.45] 0.52 0.35] 0.47] 0.38 B
30| 6.40] 0.37} 0.36] 0.42] 0.47] 0.18 0.41] 041 % 0.36
- 31] o.41 0. 34 0.47] 0.48 Q.52 0. 36
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Figure 4.3-3  Mean Gauging Water Level ~Arg
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unit: (mj

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
VYean | Mean | Mean | Mean | Mean | Mean ) Mecan | Mean | Mcan | Mean | Mean | Mean
1 0.291 0.30] 0.30] ©.31] ©.35] 0.3t1] 0.484 0.41] 0.39 .
2 0.30F 0.30] 0.30] 0.301 0.35] 0.32] 0.371 0.31] 0.39
3 0.31F 0,307 0.31] 0.281 ¢.35] 0.33] 0.37] 0.30] 0.38]
] 0.291 0.29] 0.30] ©¢.30] .31 ] 0.32]1 0.371 9,36] 0.39
) 0.29] 0.301 0.30F 6.387 0.29] 0.33) 0.35] 0.1411] 0.39 ]
4] 1. 6.32] 6.30) 0.30] 0.35) 0.29] 0.30} 0.36] 0.391 0.35
7 0.30] 0.30F 0.30} 0.351 0.281 0.33} 0.36] 0.41} 0.36
8] 0.304 0.30] 0.28} 0.30] 6.37] 0.28) 0.39] 0.35} 0.40] 0.37
9] 0,30} 0.30 0.29} 06.31| 0.35] 0.27} ©0.35| 0.35} 0.39| 0.3%
101 0.31F 0.30] 0.29% 0.30] 0.39] 0.28} 6.33] 0.31] 0.38] 0.38
11 0.291F 0.321 0.30] 0.31] O0.41] 0.27] 0.32] 0.34] 0.38] 0.36
121 031} 0.33} 6.30} 0.31| 0.-43] 0.28} 0.35] 0.39] 0.38] 0.38
13 0.32] 0.33] 0.30f 0.32] 0.43] 0.27| 0.37] 0.39] 0.40] 0.39
14} 0.30] 0.33) 0.30]| 0.31] 0.39] 0.28] 0.38] 0.38] 0.38] 0.39
| 15| 0.30)] 0.33)] 0.31} 0.36] 0.10] 0.28] 0.37) 0.39| 0.38} 0.40
16] 0.30] 0.31} 0.30] 0.373 0.41] 0.281 0.38] 0.3%] 0.37] 0.39
17] .29 0.33] 0.30] 0.31}F 0. 41} 0.28¢ 0.331 0.33]| 0.38] 0.39
18] 0.30] 0.32] 0.31] 9.33] 0.42} 0.281 0.38} 0.38] 0.38} 0.39
19] 0.27] 0.31] 0.30] 0.33]| 0.40| 0.31) 0.38] 0.39] 0.37} 0.39
20] 0.29] 0.30§ G, 30} 0.32] 0.40] 0.32] 0.38] 0.39] 0.32]| 0.38
211 0.29] 0.30} 0.30] 0.32] 0.38| 0.33} 0.37] 0.39] 0.40| 0.39
22F 0.31)] 6.31] 0.29] 0.31]1 0.31] 0.35}F 0.37] 0.40] 0.40! 0.38
231 0.311 0.31] 0.30] 0.31] 0.314 0.36] 0.38] 0.39]1 0.40]| 0.39
24] 0.2} 0.32] 0.31] 0.30}f 0.33] 0.37f 0.37] 0,391 0.42| 0.38
251 0,271 0.32] 0.30f 0.31 | 0.31F 0.39] 90.38] 0.381 0.10] 0.36
Fn__ZG 0.281 0,31} 0.31] ¢.30] 0,30} 0.40] 0.40] 0.38] 0.356] 0.37
271 0.30)] .30} 0.3G] 0.31] 0.29] 0.40]| 0.38]1 0. 401 6. 38| 0.38
28] 0.3¢)] 0.28} 0.30| 0.31| 0.30¢f 0.40] 0.37}| 0.17} 0.35] 0.38
29| 0.30] 0.29] 0.30| 0.85] 0.30] 0.40 0.17}) ¢.35] 0.39
301 0,30) 0.30)] 0.30] 0.32] 0.32] 0.10 0.53F G.31] 0.39 N
3] 0.30 ’ 0. 30 0.34} 0.40 0. 57 9.38
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Figure 4.3-4  Mean Gauging Water Level -- Tidsi
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Mean Daily Discharge - Inlag - . o ~ Unit:(m3/s)

Year 1996_ R 1997 . o
Month | Aug | Sep Oct Nov Dee Jan Feb Mar Apr May Jun Jul
| Day/1 16210 [0.378 | 0. 493 [ 0.576 | 2.886 | 1,603 | 1.112 | 2. 164 | 4. 836 1
N - _ 0.240 1 0.378 1 4. 1931 0.576 ) 2.88G | 1.603] 1.351 ] 2.635 | 4.836
3 0,240 0.378 1 0.5831]10.620 ] 2.886 | 1.603 ] 1.291 1 2.635H | 4.620 |
1 10210 0.378 1 0.53410.757 1 2.886 | 1.538} 1.291 | 2.653 | 4. 108
5 0,209] G. 115 1 0. 576 1 0. 620 | 2. 8861 1.538 1 1.2911 2,553 ] 4.108
6]0.203]10.20980.451)10.53110.493 1 2.717 ) 1.538 1 1.291 ] 2.653] 4.408
710.208]10.20910.49310,451]0,576]2.394) 1.538 ) 1.291 | 2.801 | 4. 408
| 810.20940.240]0.45110,151] 10,6611 2.316F1.538 [ 1. 291 | 3,802 { 4. 201
. 910,21010.203]0.45410.493]0.661] 2. 090 | 1.538 1 1.291 | 4,201 | 3.999
1010.24010.21010.1454 [ 0,193] 0.757 | 2. 090 ] 1.538 | 1.29!1 { 4. 201 | 3. 609
11{0.2101 0.21010.151 | 0.5311 0.8051 2.090 | 1. 112 ] 1.232 1 4. 100 | 3. 148
1210.30610.27310.493 10,493 ] 0.8051 2.090 ] 1.1121i.175] 3.802 | 2.635
1310.341 1 0.30610.49310.85110.90512.090] 1.412] L. 195 ] 3. 603 ] 2. 394
1110.311 ] 0,311 10.493 1 0.805] 1.063 1 1. 945 | 1. 412 ] 1. 175 | 3. 609 | 2, 394
1510.341 | 0.341 1 0.483 1 0.757 1 1,063 ] 1.736 | 1.-112] 1. 175 3.609 ] 2.394
16 10.378 1 0.311 | 0.193 1 0.805] 1.063 1 1.669 ] 1.41211.175] 3.609 | 2. 394
1710.341 | 0.341 [ 0. 451 ] 0.805 | 1.063 { 1.666] 1. 412 | 1. 175 | 3. 609 | 2. 391
1810.311 ] 0.30610.454 1 0.85111.063]11.669]1.291 | 1.175] 3.609 | 2. 394
1910 G.306 ] 0.306 ] 0.531 | 0. 767 1 1,063 ] 1.669 | 1.291 | 1. 176 | 3. 705 | 2. 394
2010,341 J O3 JO. 4511 0,805} 1.063 ] 1.669 ] 1.291 | 1.175] 5.398 ] 2.473
2010341 1 0.381 FO.415]0.7567 1 1.063 1 1.66G]1.291 | 1. 1761 6,481 | 2. 717
201 0.31 10, 27310.45410.757 | 1. 1181 1.66911.291 | 1.17516,484] 2. 717
230 0.341 1 0. 341 [ 0.493 |1 0.664 ] 1.351 |1 1.669] 1.201 1 1.175] 5.514 ] 2. 717
24010.306 J0.378 1 0.534 1 0.576 ] 1.805 ] 1.669 ] 1.281 1 1.232 01 5.057 1 2. 717
250 0.306J0.378 1 0.46110.576 1 1.915 1 1.669 1 1.291 1 1.291 1 5.057¢1 2. 717
260 0.306 1 01151 0.193 1 0.534) 2. 017 | 1.669 ) 1.251 1 1.261 15,283 ¢ 2. 717
271)10.341 10,378 | 0.493 1 0.576 1 2.090 ) 1. 669 1 1.291 | 1.412 | 5. 170} 2. 717
2810.30610.378 | 0.531]0.576 1 2.240 1 1.669 ] 1.291 | 1.412] 0.057 | 2. 117
2000.273]10.34110. 4931 0,576 2. 473 ¢ 1. 669 1.351 1 5.057 | 2.635 ;grs
3000.21010.378 ] 0.-493 § 0. 193 | 2. 553 } 1. 603 1.476 1 4. 727 | 2.553 E
J110.210 0. 193 2.886] 1. 603 1. 669 2.553
I Mean Dail Y Di SCharge Design discharge
~ 10 _ — i . (w3/5)
~ i H Ql 6. 484
3 °: S i 35| 2.886
o o 05 | 1.669
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Figure 4.3-6  Mean Daily Discharge and Flow Duration Curve - Infag
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Mean Daily Discharge — Arg

Cnit: {m3/s)

Year 199G 1997 o
¥Month | Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
Day/1 2,775 1 1.691]1.925 ] 2.430 | 3,153 ) 3.296 | 1. 276 | 5,222 | 2.170 ]
2 1.925 | 1.807 | 2.298 | 2.704 1 3.778 | 3.142 | 1. 180 | 4. 839 | 2. 701
3 2. 4301 2,107 | 2,298 | 2. 430 | 4. 117 } 3. 142 | 1.000 | 1.471 | 2. 9493
4 2107 | 1.807 } 1.925 | 2.208 | 4. 117} 3.153] 1.000 | 4. 839 | 2.701
b 2.208 | 2.015 | 1.691] 2.565 | 4.292 [ 3.296 | 1.000 | 5. 821} 2. 130
6 2,107} 2,170 | 1.925 | 2. 775 | 3.916 1 3.61.1| 1.000 | 4.471 } 1.925
T 201512170} 1.694]2.846 ] 4.117 | 3.61411.000} 8. 064 | 1,807
8 2.430 1 1.807 1 1.58113.142 1 1.204 | 3.916 | 0.835 | 9. h82 : 1.581
ol 1,426 2.430]1.925}1.807]2.816]3.916]3.916] 1.088 8.807 ] 1.694
ot 426l 2.816{ 1.80712.015] 2.701 | 3.916 | 3. 614 | 1. 178 4,292 ] 2.015
11 1.326F2.993] 2.015 ] 1.807 F 2.565 | 3.916 | 3. 142 ¢ I. 807 11.292 | 2. 430 ]
12F1.58102.565} 2,045 2,045 1 2.130 | 3,916 | 2,701 2.298 | 4. 117 ] 2. 430 ]
130153002 208} 2.363|2.430] 2. 430 ) 3.916 } 2.565 § 2. 130 3.778 ] 2. 704
111t.638 2. 0450 2.565|2.761 ] 2.430] 4.29242.298 ] 2.170 3. 153 | 2.816
151 1.80711.58412.816]2.430]2.70114.292]2.045 ] 1. 92513.i42 ] 2.015
16125650 1.276 | 2.816 [ 2.170 | 2.430 | 4. 117 | 1.925 | 1.807 | 2. 565 ] 2. 704 ]
17125650 1.581 (2430} 2.208 | 2. 430§ 1,471 | 2.170 | 1. 634} 2. 846 | 2.993 N
181 2. 1301 1.807]1.925 ] 2.208] 2701 ] 4. 417 } 2.170 | 1. 584 2.565 | 2. 704
190 2. 170 1.581}1.694 [ 2.045 [ 2.816 | 1.292 | 1.925 | 1. 375 2.846 | 2. 816
201249722980 2.01512.015]3.067 | 4.471 § 1.691 ] 1. 3751 6.032 1 2. 430 |
2120452170} 1.584]12.046 | 2.993 | 4.471 ) 1. 581]1.27646.456 ] 1.925
22 11.807 ] 2.701 ] 1.694 ] 2.035 12,993 ] 4.292] 1. 694 | 1. 37518.064 | 1.807
23 2. 430 2.993 § 1.807 | 2.298}3.296 ] 4.292]1.691]1.375]8.807 | 1. 925
241 2.363]2.919] 1.807]2.56512.993 | 4.117|1.807 } 1. 584 9.320) 2.170
[ 2512.107]11.92511.478) 2. 208 {2 704 F 4. 117} 1.807 ) 1.691}9.320} 2,045
26} 1.807 1 2.045] 1.691]2.298 12,993 ] 4.292]11.584] 1. 5811 7.587 1 1. 807
271236320150 1.691}11.925]3.206{4.117]1.478] 1.691 5. 620 | 1.694
2812.29812.298]1.925}2.170 | 2.993]4.292[1.276 | 1. 478 1 3.614 | 1. 694
| 2912107 |2.298]1.925} 2. 5651 2.993 | 1 117 1.694 1 3.296 | 2.045 ]
30] 2.298] 1.925] 1.807 1 2.565 | 3.296 ] 3. 453 2.430 | 2,430 | 1. 807
311 2.363 1. 584 3.296 ] 3..153 4. 117 1. 807
Me_a_n Dﬁl].y [)_;Scharg_e] Design discharge
3 10 T : : _ ; T o {©3/s)
S of R R ;A,ﬂ, C @ ]9.582
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Figure 4.3-7  Mean Daily Discharge and Flow Duration Curve ~ Arg
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Mean Daily Discharge - Tidsi

- Unit:{m3/s)

Year 1996 1997
Month | Aug Sep Oct Nov Dec Jan Feb Mar Apr Hay Jun Jul
| Day/1 | - 0.27810.296 1 0.313]0.332 | 0.514]0.332] 0.656] 0.812¢ 0.68] -
2 0,296 §0.29610.313]0.296) 0.51-1 ) 0.389 { 0.607 | 0.171 | 0.681 |
3 0.332]190.29610.35010.245 ] 0.511 | 0. 109 | 0.607 ]| 0.313 | 0. 656
4 0.278 1 0.261 1 0. 313 [ 6.296§10.33210.369] 0.607 | 0.537] 0. 681
5 0.278 1 0.296 } 0. 313 [ 0.631 | 0.2781 0. 423 | (. 514 ] 0. 785 | 0, 681
G 0.383 01 0.296]0.296 | 0.492 5 0.261 1 0. 313 | 0.537 ] 0.706 ] 0. 514
7 0.313]0.296 [ 0.313]190.492}0.229}1 0. 129 ]4.537 ] 0.812 ) 0. 560 ]
$10.290610.31310.261]10.31310.583]0,229}10.706 | 0.5114(90.758 [ 0.607
210.313]0.29610.278]1 0,332 | 0.51410. 198 [ 0.514]10.511}F0.706] 0,706
10| 6.332]0.313}10.278 ] 0.256 | 0.681 | 0.215] 0. 109 0.171 | 0.656 | 0. 656 ]
11]10.278 1 0.389 ] 0.313]1 0,332 0.812]0,.213]0.369] 0.471 | 0.63]1 | 0.537
1210.33210.120] 0.296] 0.350 | 0.925 1 0.245] 0.511 ] 0. 706 | 0. 656 | 0. 656
13§0.369 1 0.109] 0.296 | 0.369 | 0.896 ] 0. 213 ] 0.607 ) 0.681 | 0.732 ] 0. 681
14 F0.31310.129]10.296 ] 0.332 1 0.706] 0,2291 0.631 } 0.65610.63t ] 0. 706
1I510.31310.109] 9.332 1 0.537 | 0.758 1 0.229 1 0.583  0.681 ] 0.631 | 0,732
161 0.206 ] 0,150 ] 0. 286 ] 0.607 | 0.812] 0.229] 6. 631 | 0.681 { 0. 607 | 0. 681
1710.278 1 0,409 0.296 | 0. 171 | 0, 7851 0.228 1 0.631 ] 0.681 1 0.631 | 0. 681
18]0.296}0.369]0.350] 0.125 ] 0.8104 0.245 ] 0.631 | 0.631 1 0.631 | 0. 681}
1910.21310.3321 0. 3131 0,109 ]0.758] 0.350] 0.63) | 0.681 ] 0.583 | 0. 681
20]0.27810.313]0.296 | 0.369 | 0.758 1 0.369 ] 0.631 ] 0. 706 | 0. 706 | 0.656
2110.2718]0.313}0.296]0.369 ] 0.656 ] 0.425] ¢.583 | 0. 706 ] 0. 758 | 0. 706 ]
2210.350}10.350]0.261 | 0.332]0.450] 0,492 | 0.583} 0.732] 0.732 | 0.656
2310.332]10,332}10.296 {0.332 ] 0.471 10,560 0.631 5 0.681 ] 0.758 | 0. 706
2410.278 1 0.389 [ 0.3321 0,256 0.129] 0.607 ] 0.583 | 0. 706 | 0.867 | 0. 656
251 0.213]10.36910,296] 0,332 10,3501 0.681 | 0.631 { 6.656 } 0.758 ] 0. 560
2610.245]0.45040.332]0.296 | 0.296} 0.732 ] 0.732 | 0,631 | 0.708 | 0. 607
2110.313]10.296} 0.296 ]| 0.350 | 0.278 [ 0.732 | 0.656 | 0. 732 ] 0. 631 [ 0. 560
2810.296 10,245 0,296 ]0.350 |1 0,313 ] 0.732]10.607 | 1.138 ]| 0.514 | 0. 656
2010.296 | 0.261 1 0.296] 0. 141 | 0.313] 0.732 1.171 ] 0.514 | 0. 706
3010.29610.313]0.313]0.369]0.389]0.732 1.591 ] 0. 450 ! 0. 706
31§ 0.313 . 296 0.471 ] 0.732 1. 905 0. 656
lMeaﬂ Dﬁl l_‘{ DlSChﬁI’g_@r Design discharge
’_a?. T {m3/s)
~ Q1 1. 505
8, S S 35| 0. 708
o || S R 09 __| 0.631
L O R Q185 | 0.350
- 7 C i SR | PO Q275 [ 0. 261
2 WNM,J\HMW -""J_\f\”\;”" Vi 0329 | 0. 111
R g : ' : : : : 4355 | 0. 141
Aug Sep Oct Nov Dee Jan Peb dar Apr ¥ay Jun Jui 0365 0. 1d1
Wonth
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Bays

Figure 4.3-8  Mean Daily Discharge and Flow Duration Curve - 'ﬂ‘dsi
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Maximum daily rainfall - Existing Gauging Stations
unit (mm/day)

| Taferiat Tahanaout Imin El Hanmam Aghbalou
Yoar | raintall| Year [ rainfall| Yecar | rainfall{ Year | rainfall
1981 30,0 1975) _49.4] 1971 3814 1972} 59.5
T os2| ss6 | 1979| su3| a916| 26,51 1971) 8.0
TRosd | ss.7|  198t{ 35.0) 1976} 26.8) 19761 6.7
19851 28.3| 1982f 3n.7| 1877 215 1976] 6.0
T1990] 340 tesd] 33,1 19781 35. 1) 1977} 8.9
| lg91| 69.3| 19854 37.31 197 25.0 1978) 96.7
" Trgoz | 21.8|  1986| 37.3| 1980} 30.51 1979] 37.8
1993] 3130 1937| 45.5| 1981} 28.4f 1981} 39.8
1995|680 1988} 23.7| 1982) 6564 1982] 66.7
T T  rese| 64.8 1983|3251  1983) 32,2
U T 9o s6.7| 198t 8231 1981f 46,1
ol i992] 9.6} 1985 28.0f 1985] 55.1
SRR S C] 1993 20.6)  1987]  26.7 1986 | _ 36.0
. B 1988 50.04 19874 57.1
b _198g}  53.5| 1988) 2.5
. . 1990 416 1989 67.2
I . - 1991 32,9 1990{ 98.3
e o 1992 3.0 1991 756
_ . o |ewsl  26.0) 1992} AL.5
R ] 1995  51.0) 1993 22,7
U SR b | test) 619
1995 67. 8

Note: Year with data gap was omitted. Iguir N Xouris was omitted due to lack of data.

Design Daily Rainfall- Existing Stations

Return Period 1/2 1/10 1/30 1/50 /100
Taferiat 39. 11 66.45| 83.38| 9l1.21] 102.03
| Aghbalou 47.96| 69.08] 80.85] 86.06] 93.02
Tahanaout 38.57} 5Ha.01 61.29] 68.12] 73.96
Imin El lammam 32. 55 49.96| 62.28 68. 34 76. 98

| _Design Daily Rainfall

[ m Tafcriat -& Tahanaout Sl Lo
1o H* Aghbalou 5 Inin E1 Haanam o , R
| T sl ittt f,g/_f:__f—#
S B e S
5 e - S
60 |- M//fﬂf‘:’ - S
wps P - . . N
o i :
B4 a0 | ? : : ;

20 I % ] [ ;
1/2 1/10 i/30 1/50 1/100
: Return Period
Figure 4.4-1  Design Daily Rainfall - Existing Stations
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Table 4.4-1  Design Peak flood Discharge
unit: (m3/s)

Location Adardour _ Arg - Tidsi
Avrea (km2) 23 18 24
R.P. 1/10 | 1/50 | 1/100} 1/10 { t/50 | 1/100 ]| /10 { 1/50 | 1/100

=

| _Intake 139, L} 190.7] 214.9 ] 313.3 | 427.0 ] 461.6 | 248. 8] 311.6 | 382. 0
Generation | 115.5 ) 199. 0§ 224, 2 | 356.9 | 143.9] 174,8 ] 276.8 | 380. 1] 426.0

Peak flood discharge per km2 unit: {m3/s5/kn2) %ﬁ
l.ocation Adardour Arg Tidsi 1 =
R. P, 110 | 1/50 | 17100 ] 1/10 | 1/50 | 1/100 ] 1/10 | 1/50 | 1/100

" Tntake 6.06| 8.29| 9.31| 7.15] 890 9.62 | 10.37 | i4.23] 15.92
Ceneration | 6.33| 8.65| 9.75| 7.43| 9.25] 10.00 ] 11.53 | 15,81 17.71

Estimation of flood discharge by Rational Formula

Q=02778 £ ¥ r 2 4

) = Peak flood discharge (m3/s)

f = Runoff coefficient

t = Average rainfall intensity during llood concentration
(mm/hr)
Catchment areca {(km2)

I

-
il

= 0.9 for steep mountainous slopes

a) Flood concentration time T (hr)

r=L /¥

t

Distance between drop points (k)
Flood concentration speed (km/hr), from b)

L
]

b) Floodrconcentration Speed ¥ (kn/hr)

2 & (H/L) 0.6 . ka/hr

Bayern ¥ =7
3.5 -m/s or 12.6 ka/hr for H/L > 1/100

Kraven ¥

I

i
L.

Drop in eclevation {(km)
Distance between drop points (km)

s

c) Average rainfall intensity during flood concentratioh

Monobe cquation r=(R24/24 )/ (24 /7T)(2/3)
r = Average rainfall intensity (mn/hr)

R24 = Design daily rainfall (mm/day)
T = Flood concentration time {hr), from a)
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Table 4.4-2

Design Peak Flood Discharge

Design Peak Flood Level

unit: (83/s}

Location Adardor ___Arg Tidsi
Area (kn2) 23 48 24
R.P. 1710 | 1/50 1/100 1/10_| 1750 1/100 i/10 | 1/50 1/100
Intake 139. 4 199. 7 214.9 313.3 427 161.6|  248.8| 3416 362
Generation 145.5 199 224.2 356. 9 443.9 479.8] 276.8] 380.1 425
Peak Flood Depth end Level - Inteke Structure
v=a%x b
Location Adardor Arg Tidsi
£ P. 1710 J1/50 | 1/300 1/10_1/50 ] 1/100 /10 | 1/50 | 17100
a= 3. 5968 ~ 4. 6188 | a8 ‘
i b= 0. 4671 0. 4674 0. 4636
Bed elevation 1,769.4 1,573.3 1,724.1
Depth_(m) 1.55 1. 80 1.90 2. 82 3.12 3.24 2.46 2.85 3.00
Deak Flood (m | L7701 L773.2) t771.3] 1,576.1] 1,516.4] 1,576.5] 1,726.6} 1,726.91 1, 7271
Peak Flood Depth and Level - Intake Sites
y=a*x b
Location Adardor Arg Tidsi
R.P. 110 1 1/56 | 1/100 110 f1/50 | 1/100 1710 1150 11/100
a= 3. 8084 3. 8351 4, 52) 1
b= 0.3918 0. 3638 _ 0. 167 |
Bed elevation | 1,766.4 - 1 1,573.5 1,722.1 B
Depth (m) 1.76 1.99 2.09 2,60 2.81 2. 89 2.36 2.74 2,88
Peak Flocd () | 1.768.2] 1, 768.4] 1, 763.5] 1,576.11 1,576.3] 1,576.4] 1,724.5] 1,721.8 1,725.0
Peak Flood Depth end Level - Generation sites
y=a#x'b
Locatien Adardor Arg Tidsi
R P 17101 1/50 [ 1/100 /16 J1/50  T1/100 1710 [ 1750 17100
a= 3. 2062 3.8203 L 4.9156 ‘
b= 0. 3665 0. 4029 0. 4812 |
Bed elevation 1,710. 1 1,525. 7 1,700.3
Depth (m) 1,38 1. 77 1. 85 2.62 2.75 2.84 2.65 3.09 3.26 |
Peak Flood (&) | L7116} 1, 7t0.&] 1,710.90 1,528.2] 1,528.4] 1,528.5{ 1,702.9] 1,703.3 1,703.5
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CHAPTER 5 FORMULATION OF OPTIMUM GENERATING PLAN

5.1 Selection of Canal Route Alignment and Sites for Major Facilitics

5.1.1 Basic Strategy for Selection

‘The 3 scheme sites selected for prefeasibility study are located in catchment arcas
ranging 23~48 kin?, which feature low anual average discharge of 0.25~0.57 m*/s. In
addition, river gradient is not great, resulting in low available head vis a vis river size.
In conjunction with this, existing canals divert river discharge for irrigation purposcs
making the ultimate power generating scale possible small at around 15~30 kW.

Generation method is to be by run-of-river. Selection of canal route alignment is
constrained by inter-linkage with irrigation requiremients. In this regard, the most
cost-effective approach is to upgrade existing canal to function for the dual purposes
of hydropower generation and irrigation.

The siting of other major facilities is likewise constrained. Tt is necessary to select
intake and tailrace sites which minimize impact on existing irrigation systems.
‘Taking into consideration topographical and geological features at the scheme sites,
maximum effort is made to achieve the greatest possible head with minimal headrace
canal lengtit.

5.1.2 Adardour Scheme

Adardour scheme stands on river bed 1,770 m above sea level, with catchment area of
23 km? and average river gradient of 1:1.5. Annual average river flow is 0.25 mYs. In
order to plan a generating facility to meet the power demand forecast for the target
villages for power supply, site surveys were carried out in terms of river flow, head,
topography, geology, existing irrigation channel conditions, access road, difticulty /
casiness of construction works, ete.. Consequently, optimum sites for intake facility,
waterway route and powerhouse were selected. Topographic survey and geological
survey (by surface exploration) were also conducted.

Particularly, regarding the intake facility site and the waterway route, the sclection
was done considering common use with the existing irrigation channel. The power
house site was selected on the left bank (EL 1,716 m) in Adardour village considering
necessary head on the basis of results of topagraphic and geological surveys.

The intake facility site was selected near the existing irrigation infake site at 1,770 m
above sea level, and the intake weir (1.6m high) was planned to divert river water into
the existing irrigation channel by the new intake on the left bank.

The waterway utilizes the existing irrigation water channel along the left bank by

widening and improvement of the channel. The tolal length of the waterway is 685 m
including partially newly constructed section (350 m long). Partticularly, along the
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canal route, several outlets to supply imigation water in the dry months will be
established for effective water use and to function as spillways settling basins when
during the high watcr season.

The head tank site at the end of the waterway was sclected on the upside of the
penstock and power house sites. The head tank size was designed on the wide side
(1.5m wide, 10.0m long, 2.0m high) judging from its important role for regulaling of
the plant discharge. The site selected is flat, at 1,756m above sea level in a location of
hard rock foundation,

The penstack and power housc sites need to be located on stable hard foundation. As
the said sites will function as an important base for O&M works after the schemes
begin operation, the sites were sclected at suitable locations below the headtank site.
Tail water is planned not to discharge to the river below the outlet, but rather to
discharge into the upper side of the exisling irsigation weir through a conneclmg
tailrace for irrigation water intake.

5.1.3 Avg Scheme

Arg scheme stands on the river bed at 1,573 m above sea level, wit catchment area of
48km’ and average river gradient of 1:20. Annual average river flow is 0.57mYs. In
order to plan a generaling facility meet the power demand forecast for the target
villages for power supply, site surveys were carried out in terms of river flow, head,
topography, geclogy, existing irrigation channel conditions, access road, difficuity /
casiness of construction works, ete.. Consequently, optimum sites for intake facility,
waterway route and power house were selected. Topographic survey and geological
survey (by surface exploration) were also conducted.

Particuarly, regarding the intake facility site and the waterway route, the selection
was done considering common use with the existing irrigation channel. The power
house site was selected on the leRt bank (EL 1,532 m) downstream of Arg village
considering necessary head on the basis of resulis of topographic and geological
surveys.

The intake facility sile was sclected near the existing irrigaiion infake site at 1,573m
above sea level, and the intake weir (1.85m high) was planned to intake river walu
into the existing ircigation channel by the new intake on the left bank '

The waterway uli_iizcs the cxisling- irrigation water channel by widening aud
improvement of the channel. The total length of the waterway is of about 1,175 m
including partially newly constructed section (near the head tank). Particularly, along
the canal route, several outlets to supply irrigation water in the dry months will be
established for effective waler use and to funcimn as spillways selilmg basins whcn
during the high water scason.

The head tank site at the end of the waterway was selected on the upside of the

penstock and power house sites. The head tank size was designed on the wide side
(2.0m wide, 10.0m tong, 2.0m high) judging from its important role for regulating of
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the plant discharge. The site selected is flat, at 1,560 m above sea level in a location of
hard rock foundation.

The penstock and power house siles need to be located on stable hard foundation. As
{he said sites will function as an important base for O&M works after the schemes
begin operation, the sites were sclected at suitable locations below the headtank site.
Tailwater is planned for discharge into the river directly, due to no need for irrigation
water supply to nearby arcas.

5.1.4 ‘TFidsi Scheme -

Tidsi scheme stands on the river bed at 1,723 m above sea tevel, with catchment area
of 24 km? and average river gradient of 1:25. Annual average river flow is 0.39m's.
[n order to plan a generating facility meet the power demand forecast for the larget
villages for power supply, sitc surveys were carried out in terms of river flow, head,
topography, geology, existing irrigation channel conditions, access road, difftcuity /
casiness of construction works, etc.. Consequently, optimum sites for intake facility,

walerway route and power house were selected. Topographic survey and geological

survey (by surface exploration) were also conducted.

Particularly, regarding the intake facility site and the waterway route, the selection
was done considering common use with the existing irrigation channel. The power
house site was selected on the right bank down stream (EL 1,703 m) of Tidsi village
considering necessary head on the basis of the results of topographic and geological

Surveys.

The intake facility site was selected near the existing irrigation intake site (left bank)
1,703m above sea level, and the intake weir (2.15m high) was planned to divert river
discharge into the existing irrigation channel by the new intake on the right bank. In
the case of this intake weir, intake for existing irrigation water on the left bank was is
also planned for effective utilization of river discharge for both power generalion and

irrigation purposes.

A headrace canal waterway about 750 m long will be newly constructed on the right
bank, of open channel type with gradient of 1:400. Particutarly, along the canal route,
several outlels to supply irrigation water in the dry months will be established for
effective waler use and to function as spiltways seitling basins when during the high
water season. :

The head tank site at the end of the waterway was selected on the upside of the
penstock and power housc sites. The head tank size was designed on the wide side
(1.5m wide, 10.0m long, 2.0m high) judging from its important role for regulating of
the plant discharge. "The site selected is flat, at 1,722 m above sea leve! in a location of

hard rock foundation.

The penstock and power house sites need to be located on stable hard foundation. As
the said sites will function as an impottant base for O&M works after the schemes
begin operation, the sites were sclected at suitable lucations below the headtank site,
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Tailwater is planned for discharge into the river directly, due to no need for irrigation
water supply to nearby arcas.

5.2  Transmission and Distribution Plan
5.2.1 Basic Plan Concept

The maximum distance from the power station site to the target villages is 5 km.
Since low vollage transmission would result in a large transmission loss, generator
voliage of 440 V is to be stepped up to 3.3 kV for conveyance to the villages at which
point voltage would then be stepped down to 400 V / 220 V by pole mounted
transformers in the villages for power supply to each houschold.

Transmission power poles are to be wood with the exception of villages with
extremely poor access, where in such cases out of consideration of (ransport weight,
assembly type, galvanized steel transmission poles will be adopted.

Standard power pole interval is fo be 35~50 m, with this staﬁdard to be modified

where necessary in light of actual in-situ topographical and meteorological condifions.
Standard power pole height is to be 9 m (standard height prevailing in Morocco at
pn,scnt is 8~10.5 m).

In the case of distribution poles, the standard adopted is 1 pole per 5 homes, and these
are to be laid out with consideration to power utilization by schoels, mosques, efc. as
well. As these poles will be mounted with transformers to step down voltage from 3.3
kV 1o 400 V /220 V, it is recommended that they have a strength of 300 kg/em?.

Standard for transmission line cable is to be 34 mm? diameter, with unit resistance
under 0.899 (@/km. However, in cases where a high transmission loss may be
anticipated, cable diameter will be selected from among the ONE standard of 75 mn?
and 148 mm?. It is recommended that cable material be either aluminum or steel, with
strength of 1,140 kg/em?.

Transformer equipment to be mounted on distribution line poles is to feature manual
switch gear, with 3.3 kV primary side and 400 V /220 V secondary side for power
delivery to the individual home.

Transmission line is desigued to meet power demand to the year 2010, while
distribution line is designed to meet power supply demand in the target year for
completion of the Master Plan, i.e. the year 2000. :

An outline of the transmission and disiribtxiionl plan is indicated in Figure 5.2-1.

5.2.2 Adardour Scheme

The Adardour power station will be capable of maximum output of 26 kW and
guaranteed output of 10.1 kW. Power is to be supplied from the station to 4 villages
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totaling 168 households (comprising 42 homnes in Adardour, 32 in Tinezriosire, 32 in
Tamalout, and 62 in Ketton).

The distance from the power station to Adardour village (42 houscholds) is within a
range of 50 m, which can be serviced by 2 transmission poles and 12 distribution
poles, for a total of 14 power poles. One unit of distribution pole mounted
transformer is to be installed. Power line length is to be 50 m of transmission line and
645 m of distribution line (including that to service elementary school, ete.)

In the case of Tinesroisire, a 750 m transmission line will provide power to 32
households. Power poles would total 26, comprising 14 transmission poles aund 12
distribution poles. One unit of distribution pole mounted transformer is to be
installed. Total distribution line length is 436 m.

The 32 households in Tamalout would be serviced by a transmission line branching
ofF from the one to Tinezriosire. Transmission length from the power station is 25¢
m. Power poles would total 15, comprising 5 transmission poles and 10 distribution
poles. One unit of distribution pole mounted transformer is to be installed. Total

distribution line length is 480 m.

Transmission to the 62 households in Kettou would be by a S00 m extension of the
line 1o Tenezriosire. Power poles would total 29, comprising 10 transmission poles
and 19 distribution poles. One unit of distribution pole mounted transformer is to be
instatled. Total distribution line length is 1,055 m.

A summary of equipment and material required for the transmission and distribution
plan from Adardour power station is as follows:

Power poles: 84 nos.

Pole mounted transformer (15 kVA): 4 nos.

Distribution linc cable (34 min?): 2,666 m
Transmission line cable (25 mm?): 1,550 m

5.2.3 Arg Scheme

The Arg power station will be capable of maximum output of 30 kW and guarantecd
output of 15.4 kW. Poweris to be supplied from the station to 3 villages totaling 205
houscholds (comprising 79 homes in Arg, 58 in Amsakrou, and 68 in Jkiss).

In the case of Arg village, hamleis are located along the river with transmission and
distribution from the power station overlapping. Power poles would total 55, with 2
units of distribution pole mounted transformer to be installed. Total transmission linc
length is 1,400 and total distribution line length is 1,150 m.

Amsakrou (58 houscholds) is located 1,500 m from Arg village. Power peles would
total 45, comprising 30 transmission poles and 15 distribution poles. One unit of
distribution pole mounted transformer is to be installed. Total distribution line length

is 920 m.
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Transmission to ikiss (68 houscholds) would be by a 1,500 m extension of the line to
Amsakrou. Power poles would total 51, with | unit of distribution pole mounted
transformer to be installed. Fotal distribution line length is 1,100 m.

A summary of equipment and material required for the transmission and distribution
plan from Arg power station is as follows:

Power poles: 151 nos.
Pote mounted {ransformer (15 kVA): 4 nos.
Distribution line cable (34 mm?): 3170 m

Transmission line cable (25 mm?): 4,400 m
5.2.4  Tidsi Scheme

The Tidsi power station will be capable of maximum output of 15 kW and guaranteed
output of 4.2 kW. Power is to be supplied from the station to 2 villages totaling 105
households {comprising 42 homes in Tidsi, and 63 in Afra).

Afra village was included under the Project in light of the fact that (1) it is transited by
Tidsi villagers in the course of their day to day activities, {ii} it will be a transit point
tor material and equipment in the course of Project implementation, and (iii) Afta
villagers are desirous of electrification under the Project. Tidsi village itself is located
500 m from the power station, and will require 22 {ransmission and distribution power
poles, 1 unit of distribution pole mounted transformer, and 550 m of distribution line.

Afra is located 2,000 m from Tidsi village, and comprises 63 homes to be electrified.
Power poles would total 55, comprising 40 transmission poles and 15 distribution
poles. One unit of distribution pole mounted transformer is to be installed. Total
distribution line length is 800 m. ' :

A summary of equipment and material required for the transmission and distribution
plan from Tidsi power station is as follows:

Power poles: : 77 nos.
Pole mounted transformer (15 kVA): 2 nos.
Distribution line cable (34 mm?): 1,350 m
Transmission line cable (25 mm?): 2,500 m
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Adardour Micro Hydropower Station

450 3.3kV o 32 housg 500m 3.3kV 62 houses
M pesoos=™" Tinczriosire
42 houses iaal el ") l Kettou
Adardour »som
r:-@tjli Som 3.3kV 3.3kV
= Transformer 32 houses
Micro Hydroposer Station Tamalout

Arg Micro Hydropower Station

79 houses \ 1,500m 33kV I 58 houses ' 1,500m 3.3kV
Arg J ‘ Amsakrou
| 1,400m 3.3kv — J

i Transformer

Micro Hydroposer Station

63 houses
Ikiss

Tigsi Micro Hydropower Station

500m 3.3kV 45 4 00ses I
Tidsi
i Transformer

Micro Hydropaser Station

2,000m 3.3kV 63 houses

Afra

sNumbers of houschold indicates as of 2000.

Figure 5.2-1
Conceptual Diagram for Transmission and Distribution Planning
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CHAPTER 6 PREFEASIBILITY LEVEL DESIGN

6.1 Civil Facilities

The generation scale of the 3 micro-hydropower stations are mini size belween a
range of 15 kW and 30 kW, and cach site is subject to similar conditions of river flow,
river gradient, topography, etc. Therefore, the basic design conception for cach site is
the same. Following is the basic concept concerning the prefeasibility level design.

(1) Intake Facility

In the survey area, there are many exisling irrigation intake weirs. Most of these are
made from cobble, and are susceptible to damage by flood. In this light, a reinforced
concrete with reverse T type weir was applied under this Study. The weir does not
stand on hard basement rock; however, the lower side of the weir is fo be protecied by
cobble with mortar finish, and the upper side only by cobble. Intzke structure is
planned to adjein the weir, and the material is reinforced concerete.

(2) Waterway

Owing to the fact that each waterway of for the 3 schemes is lo serve both for
generation and irrigation, the waterway should have a discharge capacity that takes
into account irrigation water. The present utilized irrigation water is estimated at a
maximum of about 0.05m*/s.

The waterway is to be open channel type, and construction is to be cobble with
interior mortar finishing. Cobble material is to be obtained near by.

(3) Headtank

The capacity of the headtank is planned to have about 2 minutes discharge volume,
considering site conditions and operation conditions. The design conditions are as
follows.

Adardour Arg Tidsi
Maximum (m*/s) 0.11 0.18 0.15
discharge
Active volume  (m) 15.0 20.0 15.0
Regulating time  (min) 2.2 1.8 1.8

(4) Penstock

Steel pipe, FRI’ and concrete pipe are possible materials to be considered for
penstock. Of these, FRP is the most expensive and joint connecting work needs a
sophisticated level of expertise. Although concrete pipe is inexpensive, transportation
and installation of the same in mountainous area is considered difficult. Moreover,
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subsidence and cracking of joints are causes of water leakage. Accordingly, steal pipe
was adopted under this Study.

Most of the penstock alignment is to be installed under the ground surface to avoid
damage by rock fall, and penstock surface is to be protected by coating with anti-rust
paint.

Concrete anchor blocks on solid foundation will stabilize the penstock.
(5) Powerhousc Building

The power house building is to be constructed of concrete block to be fabricated at the
site. Building structure is to be such as to protect against rain, snow, rock fall, ete. A
stilling basin is to be established below the turbine to function as a water cushion, and
also to be utilized as a discharge chamber for dvmmy load.

(6) TTailrace

Tailrace is to be open chamnel type, constructed of cobble with interior mortar
finishing.

6.2 Generating Equipment
6.2.1 Sclection of Turbine

In selecting the turbine lype, is necessary to consider the specific characieristics of
cach type, range of equipment application, operational efficiency, etc.

Types of turbine include the pelton class for high head, the francis class for
intermediate head and the propeller class (kaplan, valve, etc.) for low head. In
addition, specifically in the case of small hydropower schemes, there are the cross
flow and lurgo impulse class turbines (the latter often used where high head is
available). Selection of turbine rpms is done on the basis of specific speed, and in this
case type of turbine to be considered is limited.

Under the subject schemes, effective head is 15~37 m and generaling discharge is
0.11~0.18 m¥s. Specific speed for rpms of 1,000 will be 60~110 (rpm/kW/m). On
the basis of this criteria, the cross flow type turbine is to be adopted.

Given the generating scheme type, fluctuation in head wili be small; however, in light
of the fact that scheme operation will be required during months of low river
discharge as well in the course of the annual power supply plan, there will be a
dramatic fluctuation in generating discharge. In the case of the conventional cross
flow turbine, guide vanes are generally separated and generation is performed by one
guide vane side in order to upgrade operational efficiency when generating discharge
is low. Since maximum generating discharge is small to begin with under the subject
Project, however, with narrow turbine runner and short guide vanes, the adopllon of
separate guide vanes is considered impractical.
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Generally, in the case where separate guide vanes cannot be adopted in the case of the
cross flow turbine, turbine efficicncy radically drops when actual generating discharge
drops below 30% of the maximum design discharge. In order to compensate for this,
and with consideration to cost effectivencss, a small discharge reverse running pump
tarbine is to be installed separately for power generation during the low water scason.

(1)  Adardour Power Station

Given the river flow characteristics at the site, the approximate 275 day discharge
{0.11 m¥/s) out of annual discharge is adopted at ithe maximum generating discharge,
with firm discharge assumed at 0.043 m¥s (90% of the annual discharge)., On this
basis, generation in the low water season utilizes less than 40% of maximum
generating discharge, resulting in a drop in turbine efficiency. In order to improve
turbine efficiency at such time, an inexpensive, reverse rupning pump turhine it is
to be separately installed to achieve efficient power outpul during the low waler
season. In the case of the Adardour schente area, there is no other recoursc to encrgy
source and in this regard ensuring adequate power supply during the low water season
becomes exiremely important.

Since the time of operation of the reverse running punp type and the cross flow
turbine do not coincide, there is no pressing need for the present to effect parallel
operation of the iwo units. However, it is planned to install a synchronous operating
system in consideration of the possible need to expand generating capacity in the
future, and the case of eventual connection of the scheme to the exisling grid.

(2) Arg Power Station

Maximum generating discharge is 0.18 m¥s and firm discharge is 0.097 m'/s.
Generating discharge ratio is thus 54%, with little fluctuation in said discharge. Since
this will not result in a significant drop in turbine efficiency, 1 unit of cross flow
turbine is to be adopted under the scheme.

(3) Tidsi Power Station

Maximum generating discharge is 0.15 m%s and firm discharge is 0.044 m*/s, which is
a ratio of under 30%. A drop in turbine efficiency can therefore be anticipated.
Accordingly, as in the case of the Adardour scheme, one unit of cross flow turbine is
{o be adopted as the prime equipment, to be supported by 1 unit of reverse running
pump type in light of little head fluctuation and limited operation range under low
load generating conditions.

6.2.2 Seclection of Generating Equipment
In selection of generator, the synchronous type and induction type were considered,
The induction type is niore economical, as inexpensive, small motor equipment

commonly available on the market can be utilized, particutarly in the case of micro-
hydropower gencrating scheres. flowever, an important difference between the
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mduction type and synchronous type gencrator is that in the case of the former power
factor adjustment is not possible. In the case of the latter, independent operation is
facilitated by the fact that it is equipped with and independent excitation system. In
light of the forcgoing and the fact that power utilization is almost entirely for
ithunination load, the synchronous type generator has been selected despite higher
cost due to the fact that power factor adjustment is possible.

6.2.3 Sclection of Control System

The control system for hydropower generating facilitics comprises turbine - generator
start up, shut down and other protective devices. 1t is also a standard procedure to
install a governor to maintain stable turbine - generator rpms and frequency.
However, in the case of the subject Project where power output is small, generation
frequency is to be stabilized by adjusting surplus power via resistance capacity. This
1s referred to as the “dummy lead governor method”.

6.2.4 Cousideration of Hybrid Generation

The hybrid generation method comprises a combination of micro-hydropower and PV
generation (battery charge). In order to improve the operating efticiency of the micro-
hydropower facility, surplus power during off-peak hours is battery stored for
subsequent use when such energy is required,

Under the subjeet Project, study was made of the possibility of installing battery,
inverter and converler equipment appropriate for each scheme with a capacity of
power supply for four hours each day over a 10 day period. As a result, in light of the
need to adjust transinission voltage with the generator, the cost of installing the
battery, mverter and converter equipment becomes larger than that for the generator
itself, and in this regard is considered impractical for power supply for general
lighting purposes.

6.3  Design Features

In line with the basic concept sct out in Section 6.1 and 6.2, prefeasibility level design
was carried out on the basis of topographical, geological and meteorological data.
Design features arc summarized in Table 6.3-1. Electrical equipment design is
presented in Figure 6.3.1~6.3.6. Civil facilities design is attached at the end of this
volume. :
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Table 6.3-1

Design Features of the Micro-hydropower Schemes (1/2)

T Power station Adardour Avg Tidsi
Speciﬁcalioﬁ‘ e | Unit
Cercle Amiziniz Asni Ait Qurir
Commune rurale Anougal Asni Tighdouine

Zerkten

Dour Adardour Arg & others Tidsi, Afra
River Amirmiz Rhenaya Zal
Tributary Anougal Imcrane Afoughal
Catchnient area hen? 23 48 24
Tnstalled output kw 26.0 30.0 15.0
Dependable cutput kW 10.0 15.4 4.2
Maximum discharge m's 0.11 0.18 0.15
Dependablé discharge m'/s 0.043 0.097 0.044
Intake water level m 1,769.0 1,5740 1,724.5
Headtank water level m 1,757.0 1,561.0 1,7220
Turbine center leve!l m 1,719.0 1,534.5 1,706.0
Gross head m 350 265 16.0
fffetive head m 37.0 250 15.0
Synthetie eflicienfy % 66 70 o9
Generated encrgy KWh 56,914 73,648 22,203
Tutake weir

Type Reverse T kype Reverse T type Reverse T {ype

Material and cobble and cobble and cobble

Height m 1.65 1.85 215

Crest length m 16.0 15.06 14.0
Intake

Type Open channel Open channet Open channel

Size{Bx L) 3 1.5x6.0 15x65 1.5x6.5

Gate (Bx L) m 1.0x 1.0 10x 1.0 1.0x 1.0

Screen unit ] i |
Waterway

Type Open channel Open channel Open channel

Length m 685 1,175 750

Size (B x H) m 0.6 x (0.6~1.0) 0.6 x (0.6~1.0) 0.6 x (0.6~1.0)

Gradient % 1100 ~ 1:300 1:100 - 1:300 1:400
Headtank

Type Qpen channel Open channel Open channel

Size(BxHxL} m | 1.5x (1.5-2.00x 100 | 20 x(1.5~2.0)x 10.0 | L5 x(1.5-2.0)x 10.0

Screen unit 1 ] 1
Penstock

T"ypc Buried type Buried type Buried type

Matersial Sicel pipe Steel pipe Steel pipe

Leogth m 764 84.0 338

Diameter m 0.30 0.35 0.35
Tailrace

Type Open channel Cpen channel Open channcl

Length m 100 40 20

Size (B x H}) m 0.6 x (0.6~ 1.25) 10x 1.0 0.6 x (0.6 ~ 1.0}
Power house buuilding

Type Above ground Above ground Above ground

Material Concrete block Concrefe block Concretle block

Size (B x L x H) m 30x40x25 30x40x25 30x40x125
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Table 6.3-1

Design Features of the Micro-hydropawer Scheses (2/2)

Power station Adardour Arg Tidsi
Specification | Unit
No.l geaeration plant
Turbine
Type Cross-flow Cross-flow Cross-flow
Cuiput kW 26 30 15
Effective head m 370 2590 15.0
Plant discharge | m'/s 0.51 0.18 0.15
Revolutions pin 750 750 750
Generator
Typé 3 phasesyncronbus 3 phase syncronous 3 phase syncroneus
Output kVA 325 37.5 18.8
Voltage hY 440 440 440
Frequency Hz 50 50 50
Revoltions rpao 730 750 730
0.2 geaeration plant
Turbing )
Type Pump-reveesal | -eee- Pump-reversal
OQutput kW oy 1 e 5.0
Effective hiead m o | e 15.0
Plant discharge | m’s 1 E X S I 0.044
Revolutions pin Loo 1 e 1,000
Generator
Tvpe 3 phase syncronous | -eees 3 phase syncronous
Capacity kVA 126 | - 6.3
Voltage Ay 440 - 440
fFower factor 0.8 - 08
Frequoncy Hz 50 - 50
Revoltions rpm 1,000 - 1,000
Traonsformer
Type ) 3 phase outdown 3 phase out down 3 phase out down
Voltage AY 440V / 3,300V 440V 7 3,300V 440V / 3,300V
Capacity VA 39 45 30
Transmission line
Line vollage v 3,300 3,300 3,300
Wire length m 1,550 4400 2,500
Type of wire 25mm’ aluminum 25mm’ alumininn 25mm’ aluminun
Distribution tine
Line voltage Ay 220 220 220
Cable length m 2,666 3,170 1,350
Type of cable 3 pliase 4 wire CV 3 phase 4 wire CV 3 phase 4 wire CV
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Noles

AS ; Air circuit breaker
LA ; Line Arrester

MT ; Main Transformer

A Ampere meter

CT ; Cumrent Transformer
W o Watt meter

V ; Volt meter

F  ; Frequency meler

PT ; Potential Transformer
DI. ; Dummy Load

AVR; Automatic Voltage Regulater
WT ; Water Turbine

G Genelater

TG ; Tacho-Genctater

N ; Spced meter

e S
S

MT
330OVI4V

|
o 5

51 ; Over Current < N 7Y -
52:G.C.B. SLES | @

39 ; Over Voltage

035 ; Speed governor

64 ; Ground relay

90 ; Automatic voltage Regulater

|

BL

WT |

'F:gure 6.3-4

Sinugle Diagram for Arg Micro 11 ydropower System
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CHAPTER 7 PROJECT IMPLEMENTATION SCHEDULE

7.1  Implementation Schedule
(1) Overall Schedule

As discussed in Section 5.7 of Volume 1, the overall Master Plan will be carried out in
two phases. Of this, the subject 3 priority micro-hydropower schemes are to be
implemented in Phase I. A description of salient scheme fealures is given in Table
7.1-1. '

Table 7.1-1 Scheme Description

“-. Power station] Units Adardour Arg Tidsi
Specification .
Cercle -- Amizmiz Asni Ait ourir
Commure rurale -- Anougal Asni Tighdouine
Douar - Adardour Arg and others Tidsi and Afra
River - Amizmiz Rheraya Zal
Tributary - Anougal fmenane Afoughal
Catchmient arca km’ 23.0 48.0 240
Installed output_ - KW 260 © 30.0 15.0
Maximum discharge | m’ 15 0.1l 0.18 0.15
Entake water level m 1,769.0 1,57140 §,724.5
Turbine center level m 1,719.0 1,5345 1,706 0
Gross head 1) 38.0 26,5 16.0
Water way

Type - Open channel Open channel Open channel

Length m 635.0 1,175.0 750.0
Penstock

Material - Steel pipe Steel pipe Steel pipe

Dia x Length m 0.3x76.4 0.35x 84.0 0.35x33.8
Power gencralion

Turbine (No. 1) - Closs flow Closs flew Closs flow

{No.2) - Pump reversal - Pump reversal

(2} Construction Schedule

The controlling factor in the construction pracess for the schemes will be headrace
canal construction. Al headraces are to be open canal structures made of masonry
and concrete. As this work is to be performed manually, headrace canal construction
constitutes the critical path for the overall implementation of the schemes.
Accordingly, headrace construction is to be ‘commenced at the same time for all 3
schemes, and a work execution setup devised to ensure completion within the
designated implementation period for the schemes. In the case of struclures other than
headrace canal, i.e. intake structures, head tanks, penstocks, and power houses, these
are to be constructed simultaneous to the aforementioned headrace canal construction,
with careful attention to safely measures required in mountainous arcas (prevention of
rockfall) and elicitation of the cooperation of residents in the conslruction areas.
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Transport of construction material and equipment into the site areas will be via the
existing access roads. lowever, since final approach to the sites from the main
highways will be via mountain roads (piste) which are single lane and unsurfaced, a
thorough program of access road maintenance and repair must be in effect throughout
the construction periad.  The envisioned implementation schedute for the micro-
hydropower schemes, based on the above criteria, is indicated in Table 7.1-2,

Procurement of construction material and equipment is planned as follows based on
the Study findings:

1} Construction equipment and facilities are to be procured in Morocco.

2) Construction materials including cement, stee!, lumber, etc. are to be procured
in principle in Morocco. However, penstock pipe would be imported material
procured locally. '

3) Lubricants and fuel can be procured from merchants in or near the site areas.

7.2 Implementation Plan
7.2.1  Access Road

The status of the road network centering on Marrakech is as indicated in Figure 2.1-6
in Volume . First class trunk highway would be utilized for access to Marrakech
from Rabat via Casablanca. The distance from Rabat to Casablanca is 99 km, and that
from Casablanca to Marrakech is 237 km. Use of the Rabat~Matrakech bypass results
in a distance of 324 km. However, attention must be given to a vehicle height
limtation of 4.5 m in order to pass under a number of freeway and railway
underpasses along the route. Below, the road conditions from Marrakech to the
individual sites is discussed.

(1) Adardour Site

A second class trunk road would be used from Marrakech to Amizmiz (S§-507, 1. = 49
km). The Adardour site would then be accessed from Amizmiz by mountain road
(piste} (20 km). The upper basin river crossing along this segment becomes
impassable for several days at a time in the rainy season due to flooding. Road width
is a narrow 2.0~3.0 m, and alignment profile and curve turning radii pose severe
driving conditions. Accordingly, vehicle use would be limited to small trucks for
transport (under 1 ton). During the actual construction period as well for elfective
O&M activities alter scheme completion, it is necessary that a thorough program of
road maintenance be pursued under the Project mcludmg shoulder reinforcement,
surfacing, cut-out construction {(so vehicles traveling in opposite directions can pass
cach other under single lane conditions), etc.

Marrakech~Amizmiz: Sceond class lligh\xfa)' (8-507), 54 km: length
Amizmiz~Adardour: Mountain road, 20 km length
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(2) ArgSite

A second class trunk road would be used from Marrakech to Asni (8-501, L = 47 km).
The Adardour sitc would then be accessed from Asni by mountain road {piste) (12
km). The upper basin segment of the pisie features several siream crossings which
become impassable for several days at a time in the rainy season dug to road shoulder
collapse as a result of erosion. Road width is a narrow 2.0~3.0 m, and alignment
profile and curve turning radii pose scevere driving conditions compared to trunk road.
Accordingly, vehicle use would be limited to small trucks for transport {under t ton).
During the actual construction period as well for effective O&M activities atter
scheme completion, it is necessary that a thorough program of road maintenance be
pursued under the Project including shoulder reinforcement, surfacing, cul-out
construction {so vehicles traveling in oppesite dircctions can pass each other under
single lane conditions), ete.

Marrakech~Asni: Second class highway (8-501), 47 km length
Asni~Arg: Mountain road, 12 km length

(3) Tidsi Site

A first class trunk road would be used from Marrakech to Tadert (P-31, L = 95 km).
The Tidsi site would then be accessed from Tadert by mountain road {piste) (7 km).
As in the case of the other (wo schemes, this piste segment becomes impassable for
several days at a time in the rainy season due to shoulder collapse, surface scouring,
ete. Road width is a narrow 2.0~-3.0 m, and alignment profile and curve turning radit
pose severe driving conditions in comparison to trunk road. Accordingly, vehicle use
would be limited to small trucks for transport {(under I ton). During the actual
construction period as well for effective O&M activities after scheme completion, it is
necessary that a thorough program of road maintenance be pursued under the Project
including shoulder seinforcement, surfacing, cut-out construction {so vehicles
traveling in opposite directions can pass each other under single lane conditions}, elc.

Marrakech--Tadert: First class highway (P-31), 95 ki length
Tadert~Tidsi: ' * Mountain road, 7 km length

7.2.2  Civil Construclion
(1) General

In the case of all three schemes under the Project, civil works construction extends
continuously from the intake facility, along the headrace to the power house, and on to
the tailrace outlet. Since the content of these works are linked, it is necessary that
overall construction approach be such as to maximize efficiency. Although all
structures represent exposed construction, scale is small and sites are located in
rugged terrain which would make mechanized construction works impractical.
Accordingly, works would be basically done manually with the support of very
general construction equipment. :
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Construction materials including cement, rebar, steel pipe and gates would all be
transported lo the sites from Marrakech.  Concrete aggregate, and masonry stone
would be quarried from selected river deposits at the site.  Where sufficient such
malerials are not available at the immediate site, these would be quarried and
transported from downstream areas. Unit weight of steel structural material such as
pipe, gates, screens, cte. should be as light as possible in consideration of the need for
transport along mountain roads, and unloading and installation conditions at the site.
Maximum unil weight of turbine and generator equipment components, the heaviest
picces of equipment to be fransported to the sites, is to be under 300 kg.

Construction machinery would mainly comprise general construction equipment
(drill, compressor, diesel generator, welding equipment, etc.), portable mixer and
transport vehicles. ,

Although all three sites fealure cxisting access roads, these are mountain roads of

fimited capacity and safely for construction purposes.  Accordingly, road
improvement {shoulder reinforcement, cut-out construction, etc.) is necessary as a
prelude to the start of main construction works at the sites.

Movement of material and equipment to the various construction sites within the
scheme would be by donkey or manually carried along existing paths (1.0~1.5 m) to
be widened and improved in preparation for the works.

(2) Canal and Power House
1) Adardour

Intake weir, intake structure and desilting basin would be constructed by the coffer
dam method, starting with left bank construction. The right bank intake weir
segiment would be constructed upon completion of the left bank segment, by coffer
dam diversion of river discharge to the lefl bank intake.

The total headrace length of 685 m including diversion facilities and head tank
musi be completed within a 16 month period. Accordingly, the headrace alignment
is to be divided into 3 construction segments, to be implemented simultaneously.

Penstock and power house construction will topographically cemprise higher
elevation and lower elevation works. In order to prevent danger of rock fall,
penslock excavation would be carried out first, following which power house
construction would then be commenced. In cases where penstack pipe installation
and power house construction works are done at the same time, it will be necessary
to carry out thorough safety measures in the form of rock fall prevention works.

Transport to site and installation of turbine and generator cquipment would be done
upon completion of the power house construction works. Penstock pipe (unit
sections with flanges), gates and screens would be finished products ex- f'lctory for
subsequent transporl to cach site and installation thereat. :
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2)  Arg

Intake weir, intake structure and desilting basin would be construcied by the coffer
dam mecthod, starting with left bank construction. The right bank intake weir
segment would be constructed upon completion of the left bank segment, by coffer
dam diversion of river discharge to the left bank intake,

The total headrace length of 1,175 m including diversion facilities and head tank
must be completed within a 16 month period. Since the eatire length of the
planned headrace will comprise rehabilitation of existing ircigation canal,
construction conditions are relatively facilitated in comparison to other sites.
[towever, due to the length of the said canal, the headrace alignment is to be
divided into 2~3 construction segments, {o be implemented simultancously.

Penstock and power house construction will topographically comprise higher
elevation and lower clevation works. In order to prevent danger of rock fall,
penstock excavation would be carried out first, following which power house
construction would then be commenced. In cases where penstock pipe installation
and power house construction works are done at the same time, it will be necessary
to carry out thorough safety measures in the form of rock fall prevention works.

Transport to site and installation of (urbine and generator equipment would be done
upon completion of the power house construction works. Penstock pipe (unit
sections with flanges), gates and screens would be finished products ex-factory for
subsequent transport to each site and installation thereat.

3)  Tidsi

Intake weir, intake structure and desilling basin would be constructed by the coffer
dam method, starting with right bank construction. The left bank intake weir
segment would be constructed upon completion of the right bank segment, by
coffer dam diversion of river discharge to the right bank intake.

The total headrace length of 750 m including diversion facilities and head tank
must be completed within a 16 month period. Since the entire length of the
planned headrace will comprisc new construction (concrete open canal),
construction schedule management and quality control become important factors.
Forlunately, there is no forest along the canal route and access is relatively easy,
and in this light the headrace alignment is to be divided into 2~3 construction
segments to be implemented simultancously.

Penstock and power house construction will topographically comprise higher
elevation and lower elevation works. In order to prevent danger of rock fall,
penstock excavation would be carried out first, following which power house
construction would then be commenced. In cases where penstock pipe installation
and power house construction works are done at the same time, it will be necessary
to carry out thorough safety measures in the form of rock falt prevention works.
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Transport to site and installation of turbine and gencrator cquipment would be done
upon completion of the power house construction works. Penstock pipe (unit
sections with flanges), gates and screens would be finished products ex-factory for
subsequent transport to cach site and installation thereat.

7.2.3  Generating Equipment
(1) Procurement and Transport of Equipment

Turbine and generator cquipment are to be procured from oft-shore. Modern port
facilities are available at Casablanca (nearest port), and there will consequently be no
problems in terms of equipment off-loading and handling.

Off-loaded equipment would then be transported via Marrakech (240 miles to the
south southwest) to the sites. Conditions for transport of the said equipment to each
site from Marrakech by truck are as follows:

® In the case Adardour, a surfaced road exists up to Amizmiz. From this point,
access to the site is by a 20 km mountain road. There are existing cut-outs
aleng the road to allow passing of small vehicles from opposite directions;
however, these are not surfaced. Given these conditions, it is necessary to
limit transport weight to under 300 kg. '

@ In the case of Arg, access to the site from Asni is by 12 km mountain road.
Road conditions are the same as for Adardour, and in this light transport
weight is to be limited to wnder 300 kg.

® In the case of Tidsi, access to Tadert is by 95 km trunk highway from
Marrakech. From Tadert, access to the site is by 7 km mountain road. Since
the 2 km segment after Afra is considered to pose problems for vehicle
iransport of materials, transport weight is to be limited to under 200 kg.

(2) Recciving of Equipment at the Sites and Storage

As no equipment receiving facilities are to be constructed at the sites, this work will
all have to be done manually. The necessary equipment for instaltation including
chain blocks, roller equipment, jacks, lifting forks, ete. must by carefully readied and
stored at the site ahead of time. Sheltered storage at the site will be limited to the
power house structure, and upon completion of the same it is recommended that
equipment be stored therein. ' '

(3) Generating Equipment Installation Work

Liquipment is to be installed upon completion of foundation works. Heavy pieces of
equipment would be installed using the overhiead hook and fork tift equipment put in
place in advanced. Movement of equipment within the power house structure itself
would be by roller, or done manually. Equipment would be instatled in reference to
the standard alignment center for penstock and turbine. Governor and contro} panel
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would be installed following comptetion of turbine and gencrator installation. Since
governor control is by the “dummy load control” method, resistance device will be
placed inside the tailrace itself making it necessary to give ample carc {o insulation
protection.

(4) Installation Works for Outdoor Iquipment

Outdoor cquipment at the power house will comprise the main {ransfonner,
transmission switch gear and lightning grounding cquipment.  Although it is a
general practice to posit the main transformer on a ground foundation, in the casc of
the subject schemes the said equipment is to be pole mounted in the interests of safety
and given the topographical conditions at the sites.  Since the total weight of the main
transformer is 600 kg, it is to be mounted on a frame supported by two poles.

The operating panel for transmission swilch gear is to be installed near the ground
surface to allow for control from the ground. This equipment, however, would be
housed in a protcctive locker to prevent access by unauthorized persons.

7.2.4  Transmission and Distribution Facilities

Given consliaints on material procurement and transport, power poles for transmission
and distribution are to be wooden in principle. Pole height from the ground would be
8.0~10.5 m, with imbedded depth of at least 1.6 m. Transmission voltage is to be
3,300 V and distribution veltage is to be 380 V /220 V. Accordingly, pole mounted
transformer for voltage adjustment are to be installed on the designated power poles.
In mounting the same, ample care must be given to durability against the more severe
wind and rain conditions prevailing in mountain areas.

In addilion to carrying out connection works to cach user household and public
facility, electzicity meters are also to be installed to gauge power consumption.
Specifically in the case of households, the following are to be done: electricity meter
installation, house wiring and installation of 6 electrical outlets for lighting purposes.
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